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CENTRAL  iPdWEft  H0USE3  AND  SU6. 
STATIONS. 

Although  the  electric  locomotive  and  motor  car  are 
rapidly  taking  the  place  of  the  steam  locomotive  for 
transportation  purposes,  and  the  time  no  doubt  is  not 
far  distant  when  the  power  generating  machine  known 
as  the  steam  locomotive,  laboring  under  the  disadvan- 
tage of  having  to  carry  its  fuel  and  water  with  it,  will 
be  a  thing  of  the  past,  the  fact  still  remains  that  the 
power  must  be  generated.  There  must  be  a  prime  mover, 
in  and  through  which  heat,  that  form  of  energy  which 
may  be  applied  to  or  taken  away  from  bodies,  may  be 
utilized  for  the  generation  of  power.  The  central  sta- 
tion, with  its  modem  appliances  for  the  economical 
consumption  of  fuel  and  production!  of  heat,  and  its 
machines  of  various  types,  such  as  steam  engines,  gas 
engines,  etc.,  by  means  of  which  this  beat  is  transformed 
into  energy  or  power,  capable  of  turning  the  dynamo, 
which,  in  turn,  transmits  this  power  where  it  is  needed 
to  do  the  work,  wHl  be  the  subjects  ddscussed  in  the 
pages  following. 

The  author  proposes  to  deal  mainly  with  the  opera- 
tion of  the  aforesaid  machines,  rather  than  the  construc- 
tion, and  erection  of  the  same,  although  their  design 
and  construction  will  receive  some  attention  also. 

STEAM  BOILERS. 

The  types  of  boilers  most  commonly  used  in  central 
stations  are,  first,  the  horizontal  return  tubular  boiler, 
and,  second,  the  water  tube  boiler.    The  first  mentioned 
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type  consists  of  a  shell,  having  tubes  of  small  diameter 
(2  to  4  in.)  extending  from  head  to  head,  through  which 
the  hot  gases,  after  having  passed  under  the  bottom  of 
the  shell,  return  on  their  way  to  the  stack.  Fig.  1  shows 
a  general  view  of  a  horizontal  tubular  boiler  and  setting. 
Although  this  form  of  boiler  is  probably  not  so  economi- 


Fiff.  1.    Standard  Horizontal  Boiler  with  Full-arch  Front  Setting. 

cal  in  the  utilization  of  the  heat  contained  in  the  fuel 
as  are  some  other  types,  still,  with  the  proper  setting 
and  care  in  operation,  fairly  good  results  may  be  ob- 
tained. 

THE  WATER  TUBE  BOHiEB. 


In  this  type  of  boiler  the  water  is  carried  in  tubes  3 
to  4  in.  in  diameter,  sometimes  vertical  and  sometimes 
inclined,  and  connected  at  the  top  to  one  end  of  a  steam 
drum,  and  having  the  lower  ends  of  the  tubes  connected 
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to  a  mud  drum,  which  is  also  connected  to  the  opposite 
end  of  the  steam  drum,  thus  providing  for  a  free  circu- 
lation of  the  water.  Of  the  latter  type  there  have  been 
many  diflferent  kinds  evolved  during  the  last  one  hun- 
dred years,  the  majority  of  them  having  had  but  a  brief 
existence,  being  compelled  to  obey  the  inexorable  law 
of  the  survival  of  the  fittest,  and  today  there  are  a  few 
excellent  types  of  water  tube  boilers  which  have  become 
standard  and  are  being  extensively  used.  The  margin 
of  safety  as  regards  disastrous  explosion  appears  to  be 
in  favor  of  the  water  tube  boiler.  It  is  not  contended 
that  they  are  entirely  exempt  from  the  danger  of  explo- 
sion. On  the  contrary,  the  percentage  of  explosions  of 
water  tube  boilers,  in  proportion  to  the  number  in  use,  is 
probably  as  large,  if  not  lai^er,  than  it  is  with  boilers 
of  the  shell  or  return  tubular  type,  but  the  results  are 
seldom  so  destructive  of  life  or  property,  for  the  reason 
that  if  one  or  more  of  the  tubes  give  way  the  pressure 
is  released  and  the  danger  is  past. 


REQUIBEMENTS  OF  A  PERFECT  STEAM  BOUJER. 

The  late  Mr.  George  H.  Babcock,  of  Plainfield,  N.  J., 
ex-president  of  the  American  Society  of  Mechanical  En- 
gineers, was  probably  a  closer  student  of. steam  boiler 
design  and  construction  than  any  other  engineer  who 
has  lived  during  the  present  century.  Shortly  before 
his  death  he  wrote  that  the  result  of  his  engineering 
experienee  and  scientific  investigation  for  a  period  of 
over  fifty  years  in  the  field  of  steam  boiler  practice  had 
established  twelve  requirements  of  a  perfect  steam 
boiler. 


*  POWER  STATIONS 

Lst.  The  best  materials  sanctioned  by  use,  simple  in 
construction,  perfect  in  workmanship,  durable  in  use, 
and  not  liable  to  require  early  repairs. 

2d.  A  mud  drum  to  receive  all  impurities  deposited 
from  the  water  in  a  place  removed  from  the  action  of 
the  fire. 

3d.  A  steam  and  water  capacity  suflBicient  to  prevent 
any  fluctuation  in  pressure  or  water  level. 

4th.  A  large  water  surf aee  for  the  disengagement  of 
the  steam  from  the  water  in  order  to  prevent  foaming. 

5th.  A  constant  and  thorough  circulation  of  water 
throughout  the  boiler,  so  as  to  maintain  all  parts  at  one 
temperature. 

6th.  The  water  space  divided  into  sections,  so  ar- 
ranged that  should  any  section  give  out,  no  general 
explosion  can  occur,  and  the  destructive  effects  will  be 
confined  to  the  simple  escape  of  the  contents ;  with  large 
and  free  passages  between  the  different  sections  to  equal- 
ize the  water  line  and  pressure  in  all. 

7th.  A  great  excess  of  stren^h  over  any  legitimate 
strain;  so  constructed  as  not  to  be  liable  to  be  strained 
by  unequal  expansion,  and,  if  possible,  ;ao  joints  exposed 
to  the  direct  action  of  the  fire. 

8th.  A  combustion  chamber,  so  arranged  that  the 
combustion  of  gases  commenced  in  the  furnace  may  be 
completed  before  the  escape  to  the  chimney. 

9  th.  The  heaiting  surface  as  nearly  as  possible  at 
right  angles  to  the  currents  of  heated  gases,  and  so  as 
to  break  up  the  currents  and  extract  the  entire  available 
heat  therefrom. 

10th.  All  parts  readily  accessible  for  cleaning  and 
repairs.  This  is  a  point  of  the  greatest  importance  as 
regards  safety  and  economy. 
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11th.  Proportioned  for  the  work  to  be  done  and  capa- 
ble of  working  to  its  full  rated  capacity  with  the  highest 
economy. 

12tb.  The  very  best  gauges,  safety  valves  and  other 
fixtures. 


FIff.  2.    FroDt  view  of  250  H.  P.  Oahall  Horizontal  BoUer. 
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THE  CAHALL  WATER  TUBE  BOILER. 

Figures  2  and  3  show,  respectively,  front  and  side 
views  of  the  Cahall  horizontal  water  tube  boiler.  These 
boilers  are  built  in  sizes  of  from  125  horsepower  up  to 
850  horsepower,  in  single  units.  The  boilers  are  built 
for  working  pressures  of  from  160  pounds  per  sq.  in. 


Fig.  3.    Side  View  of  250  H.  P.  Cahall  Horizontal  Boiler  Suspended  Ready  for 
Brick  Work. 

up  to  500  pounds  per  sq.  in.  The  steam  drums  are 
made  of  the  best  open  hearth  flanorc  steel,  the  heads 
for  the  drums  beinp:  of  the  same  material,  hydraulically 
flanged.  All  the  sheets  are  beveled  on  the  edges,  bent 
into  shape,  and  the  rivet  holes  drilled  after  bending. 
This  insures  absolutely  round  holes,  without  crystalliza- 
tion, and  allows  calking  of  all  seams,  both  inside  and 
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outside.  In  boilers,  the  working  pressure  of  which  is 
not  to  exceed  160  lbs.  to  the  sq.  in.,  the  longitudinal 
seams  in  the  drums  are  double  riveted.  In  those  of 
higher  working  pressures,  that  is,  from  160  to  500  lbs. 
per  sq.  in.,  all  of  the  horizontal  seams  are  butt  and 
double  strapped  joints,  with  six  rows  of  rivets.  Each 
drum  is  provided  at  both  ends  with  the  Cahall  patent 
swinging  manv^head.  The  action  of  this  man-head  is  as 
follows:  By  loosening  the  nuts,  a  slight  push  swings 
the  head  in  simikr  to  a  door,  and  when  it  is  desired  to 
again  close  it,  it  is  pulled  back  to  its  place,  and,  owing 
to  its  being  hinged,  the  seats  come  together  in  exactly 
the  same  place  every  time,  thus  insuring  a  tight  joint. 
The  flanges  on  the  steam  drums  for  the  steam  and  safety 
valve  openings  are  all  drop  forged,  from  flanged  steel 
plates.  Referring  to  Figure  3,  it  will  be  noticed  that 
each  section  of  tubes  is  connected  by  nipples  to  saddles 
on  the  steam  dtums.  These  saddles  or  cross  boxes  are 
made  from  open  hearth  steel,  which  is  melted  and  run 
into  molds.  This  steel,  after  cooling  and  annealing,  pre- 
sents all  the  chemical  and  physical  properties  of  regular 
boiler  plate  steel,  physical  tests  on  a  large  number  of 
coupons  from  these  forms  showing  an  elongation  of  over 
25  per  cent,  a  reduction  in  area  of  over  50  per  cent, 
with  a  tensile  strength  of  over  60,000  lbs.  to  the  square 
inch. 

It  can  be  seen  from  the  side  view  of  the  boiler  (Fig. 
3)  that  it  stands  on  wrought  iron  supports  and  cross 
beams,  independent  of  the  brickwork,  so  that  the  entire 
structure  is  free  to  contract  and  expand  without  any 
strains  occurring  either  on  the  setting  or  on  the  boiler 
itself.  In  this  method  of  suspension,  the  entire  framework 
is  outside  of  the  brickwork,  thereby  avoiding  the  possi- 
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bility  of  its  burning  away  or  weakening  through  ovei*- 
heating,  as  has  frequently  happened  in  the  case  of  other 
designs. 

The  fronts  for  the  boiler  are  what  is  known  as  the 
wrought  iron  style — ^that  is,  the  entire  general  frame- 
work of  the  front  is  made  up  of  wrought  iron  or  steel 
beams,  channels  and  gird-ers,  and  only  th-e  panels  con- 
taining the  door  fram-es  are  cast.  This  permits  of  a 
very  light  but  rigid  structure,  which  it  is  impossible  to 
crack  from  the  application  of  internal  heat,  which  has 
been  heretofore  one  of  the  greatest  faults  found  with 
this  type  of  boiler. 

All  the  tubes  used  in  this  boiler  are  mfuJ-e  of  the  be^ 
knobbled  charcoal  iron,  which  though  very  much  more 
expensive  than  the  standard  iron  boiler  tube,  yet  repays 
the  customer  in  future  years  for  the  additional  invest- 
ment in  first  cost.  The  general  fittings  and  trimmings 
of  the  boiler  are  of  the  highest  grade  purchasable,  the 
safety  valves  being  of  the  solid  nickel  seated  type.  The 
water  column  used  is  either  the  Reliance  or  Pittsburg 
High  and  Low  Water  Alarm.  The  blow-off  valves  are 
specially  made  under  patents  owned  by  the  Aultman  & 
Taylor  Machinery  Co.,  and  are  so  designed  that  the  discs 
are  renjewable  at  any  time,  and  both  the  disc  and  valve 
seat  can  be  cleaned  without  taking  the  valve  apart. 

It  will  be  noticed  in  the  illustration  (Fig.  4)  giving 
the  rear  view  of  the  boiler  that  these  valves  have  two 
wheels,  one  directly  above  the  other,  the  upper  one  being 
smaller  than  the  lower.  The  larger  wheel  forces  the  disc 
down  on  its  seat,  the  smaller  wheel  revolves  the  spindle 
carrying  the  disc.  By  revolving  the  larger  wheel  until 
the  disc  rests  lightly  on  its  seat  and  then  revolving  the 
smaller  wheel,  the  disc  is  rotated  on  its  seat,  effectually 
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1g.  4.   Bear  View  of  260  H.  P.  Ofthall  Horizontal  Boiler  Suspended  Beady  for 
Brick  Work, 
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clearing  it  of  any  obstructions  that  may  have  accumu- 
lated thereon. 

The  side  cleaning  doors  for  the  boiler  'are  of  a  new 
design,  which  permits  the  use  of  only  one  door  instead' 
of  two,  and  when  the  door  is  opened  it  is  thiown  back 
entirely  from  the  slot  into  which  it  fits,  leaving  a  full, 
free  opening  for  the  introduction  of  the  steam  hose,  and 
when  the  door  is  closed,  wedge-shaped  fire-brick  tile, 
which  line  the  door,  are  pushed  forward  in  a  straight 
line  into  the  opening,  making  a  perfectly  smooth  wall  on 
the  inside  and  an  absolutely  tight  joint  against  the  leak- 
age of  air  into  the  setting. 

Where  very  high  pressures  are  to  be  used,  say  in  excess 
of  225  pounds  to  the  square  inch,  the  headers  or  mani- 
folds for  the  reception  of  the  tubes  are  made  of  the  same 
material  used  in  the  cross-boxes  on  the  drums,  viz., 
special  '* flowed"  steel. 

THE  HEINE  SAFETY  BOILEB. 

Figure  5  shows  a  general  view  of  the  Heine  water  tube 
boiler. 

The  boiler  is  composed  of  the  best  lap  welded  wrought 
iron  tubes,  extending  between  and  connecting  the  inside 
faces  of  two  ** water  legs,"  which  form  the  end  connec- 
tions between  these  tubes  and  a  combined  steam  and 
water  drum  or  ''shell,"  placed  above  and  parallel  with 
them.  (Boilers  over  200  horsepower  have  two  such 
shells.)  These  end  chambers  are  of  approximately  rec- 
tangular shape,  drawn  in  at  top  to  fit  the  curvature  of 
the  shells.  Each  is  composed  of  a  head  plate  and  a 
tube  sheet,  flanged  all  around  and  joined  at  bottom  and 
sides  by  a  butt  strap  of  same  material,  strongly  riveted 
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to  both.  The  water  legs  are  further  stayed  by  hollow 
stay  bolts  of  hydraulic  tubing,  of  large  diameter,  so 
placed  that  two  stays  support  each  tube  and  hand  hole 
and  are  subjected  to  only  very  slight  strain.  Being 
made  of  heavy  metal,  they  form  the  strongest  parts  of 
the  boiler  and  its  natural  supports.     The  water  i^gs 


Figr  6.    875  H.  p.  Heine  Boiler 

are  joined  to  the  shell  by  flanged  and  riveted  joints  and 
the  drum  is  cut  away  at  these  two  points  to  make  con- 
nection with  inside  of  water  leg,  the  opening  thus  made 
being  strengthened  by  bridges  and  special  stays,  so  as 
to  preserve  the  original  strength. 
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The  shells  are  cylinders  with  heads  disked  to  foroi 
parts  of  a  true  sphere.  The  sphere  is  everywhere  as 
strong  as  the  circle  seam  of  the  cylinder  which  is  well 
known  to  be  twice  as  strong  as  its  sidie  seam.  Therefore 
these  heads  require  no  stays.  Both  the  cylinder  and  its 
spherical  heads  ar«  therefore  free  to  follow  their  natural 
lines  of  expansion  when  put  under  pressure.  Where  flat 
heads  have  to  be  braced  to  the  sides  of  the  shell,  both 
suffer  local  distortions  where  the  feet  of  the  braces  are 
riveted  to  them,  making  the  calculations  of  their  strength 
fallacious.  To  the  bottom  of  the  front  head  a  flange  is 
riveted  into  which  the  feed  pipe  is  screwed.  This  pipe 
is  shown  in  the  cut  with  angle  valve  and  check  valve 
attached. 

On  top  of  shell  near  the  front  end  is  riveted  e  steam 
nozzle  or  saddle,  to  which  is  bolted  a  tee.  This  tee  car- 
ries the  steam  valve  on  its  branch,  which  is  made  to  look 
either  to  front,  rear,  right  or  left ;  on  its  top  the  safety 
valve  is  placed.  The  saddle  has  an  area  equal  to  that  of 
stop  valve  and  safety  valve  combined.  The  rear  head 
carries  a  blow-off  flange  of  about  same  size  as  the  feed 
flange,  and  a  manhead  curved  to  fit  the  bead,  the  man- 
hole supported  by  a  strengthening  ring  outside.  On  each 
side  of  the  shell  a  square  bar,  the  tile-bar,  rests  loosely 
in  flat  hooks  riveted  to  the  shell.  This  bar  supports  the 
side  tiles  whose  other  ends  rest  on  the  side  walls,  thus 
closing  in  the  furnace  or  flue  on  top.  The  top  of  the 
tile  bar  is  two  inches  below  low  water  line.  The  bars 
rise  from  front  to  rear  at  the  rate  of  one  inch  in  twelve. 
When  the  boiler  is  set,  they  must  be  exactly  level,  the 
whole  boiler  being  then  on  an  incline,  i.  e.,  with  a  fall 
of  one  inch  in  twelve  from  front  to  rear. 

It  will  be  noted  that  this  makes  the  height  of  the 
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deayn  space  in  front  about  two-thirds  the  diameter  of 
the  shell,  while  at  the  rear  the  water  occupies  two-thirds 
of  the  shell,  the  whole  contents  of  the  drum  being  equally 
divided  between  steam  and  water. 
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Flff.  6.  Detail  of  Water-leff,  HaDd  Hole  Plates  and  Tokes.  etc..  of  Heine  Boilers. 
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The  tubes  extend  through  the  tube  sheets  into  which 
they  are  expanded  with  roller  expanders;  opposite  the 
end  of  each  and  in  the  head  plates  is  placed  a  hand  hole 
of  slightly  larger  diameter  than  the  tube,  and  through 
which  it  may  be  withdrawn.    These  band  holes  are  closed 
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by  small  cast  iron  hand  hole  plates,  which  can  be  easily 
removed  for  the  purpose  of  cleaning  or  inspecting  a 
tube.  Figure  6  shows  these  hand  hole  plates,  marked  H. 
In  the  upper  corner  one  is  shown  in  detail,  H^  being  the 
top  view,  and  H'  a  side  view,  while  H*  is  the  yoke  or 
crab  placed  outside  to  support  the  bolt  and  nut.  Figure 
7  is  a  longitudinal  section  showing  inside  construction. 
The  mud  drum  D  is  located  well  below  the  water  line, 
parallel  to  and  three  inches  above  the  bottom  of  the  shell. 
It  is  of  oval  section,  silightly  smaller  than  the  munhole. 
It  is  entirely  enclosed,  except  about  eighteen  inches  of 
its  upper  portion  at  the  front  end,  which  is  cut  away 
nearly  parallel  with  the  waiter  line.  The  mud  drum  D 
is  made  of  strong  sheet  iron,  with  cast  iron  heads,  and 
its  action  is  as  follows : 

The  feed  water  enters  it  through  the  pipe  F  about 
one-half  inch  above  its  bottom ;  even  if  it  has  previously 
passed  the  best  heaters  it  is  colder  than  the  water  in 
the  boiler.  Hence  it  drops  to  the  bottom,  and,  impelled 
by  the  pump  or  injector,  passes  at  a  greatly  reduced 
speed  to  the  rear  of  the  mud  drum.  As  it  is  gradually 
heated  to  near  boiler  temperature  it  rises  and  flows 
slowly  in  reverse  direction  to  the  open  front  of  the  mud 
drum;  here  it  passes  over  in  a  thin  sheet  and  is  imme- 
diately swept  backward  into  the  main  body  of  water  by 
the  swift  circulation,  thus  becoming  thoroughly  mixed 
with  it  before  it  reaches  the  tubes.  During  this  process 
the  mud,  lime,  salts,  and  other  precipitates  are  deposited 
as  a  sort  of  semi-fluid  ** sludge"  near  the  rear  end  of 
the  mud  drum,  whence  it  is  blown  off  at  frequent  inter- 
vals through  the  blow-off  valve  N.  As  the  speed  in  the 
mud  drum  is  only  about  one-fiftieth  of  that  in  the  feed 
water  pipe,  plenty  of  time  is  given  for  this  action.    Any 
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precipitates  which  may  escape  the  mud  drum  at  first, 
will  of  course  form  a  scale  on  the  inside  of  the  tubes, 
etc.  But  the  action  of  expansion  and  contraction  cracks 
off  scale  on  the  inside  of  a  tube  much  faster  than  on  the 
outside,  and  then  the  circulation  sweeps  the  small  chips, 
like  broken  egg-shells,  upward,  and  as  they  pass  over 
the  mouth  of  the  mud  drum  they  drop  in  the  eddy,  lose 
velocity  in  this  slow  current  and  fall  to  the  bottom,  and, 
being  pushed  by  the  feed  current  to  the  rear  end,  are 
blown  oflp  from  the  mud  drum  with  other  refuse.  On 
opening  a  Heine  boiler  after  some  months'  service,  such 
bits  of  scale,  whose  shape  identifies  them,  are  always 
found  in  the  mud  of  the  mud  drum.  Very  little  loose 
scale  is  found  on  the  bottom  of  the  water  legs;  the  cur- 
rent through  the  lower  tubes,  always  the  swiftest,  brushes 
too  near  the  bottom  to  allow  much  to  lodge  there. 

This  explanation  of  the  action  of  the  mud  drum  shows 
how  the  inside  of  the  tubes  may  be  kept  clean,.  To  keep 
the  outside  clear  of  soot  and  ashes  which  deposit  on,  and 
sometimes  even  bake  fast  to  the  tubes,  each  boiler  is 
provided  with  two  special  nozzles,  with  both  side  and 
front  outlets,  a  short  one  for  the  rear,  a  long  one  for 
the  front.  They  are  of  three-eighth  inch  gas  pipe  and 
each  is  supplied  with  steam  by  a  one-half  inch  steam 
hose.  The  nozzle  is  passed  through  each  stay  bolt  in 
turn,  and  thus  delivers  its  side  jets  on  the  three  or  four 
tubes  adjacent,  with  the  full  force  of  the  steam,  at  the 
short  range  of  two  inches,  knocking  the  soot  and  ashes 
oflf  completely,  while  the  end  jet  carries  them  into  the 
main  draft  current,  to  lodge  at  points  in  breeching  or 
chimney  base  convenient  for  their  ultimate  removal. 
An  inspection  of  the  cuts  will  show  that  the  stay  bolts 
are  so  located  that  the  nozzle  can  in  turn  be  brought  to 
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bear  on  all  sides  of  the  tubes.  As  soon  as  tine  nozzle  is 
witbdrai^n  from  the  stay  bolt  this  is  closed  air-tight  by 
a  plain  wooden  plug. 

In  cleaning  a  boiler  it  is  only  necessary  to  remove 
every  fourth  or  fifth  handhole  plate  in  the  front  water 
leg;  the  water  hose,  supplied  with  a  short  nozzle,  can 
be  entered  in  all  the  adjacent  tubes,  owing  to  the  ample 
dimensions  of  the  water  leg.  In  the  rear  water  leg  only 
one  or  two  handiholes  in  the  lower  row  need  be  opened 
to  let  the  water  and  debris  escape.  The  others  in  rear 
water  leg  are  frequently  left  untouched  for  years.  A 
lamp  or  candle  hung  on  a  wire  through  the  manhead  may 
be  held  opposite  each  tube  so  that  it  can  be  perfectly 
inspected  from  the  front. 

The  feed  pipe  F  enters  the  mud  drum  through  a  loose 
joint  in  front,  and  the  blow-off  pipe  N  is  screwed  tightly 
into  its  rear  head,  passing  by  a  steam-tight  joint  through 
the  rear  head  of  the  shell.  Just  under  the  steam  nozzle 
is  placed  a  dry  pipe  A.  L  is  a  deflection  plate,  extending 
from  the  front  of  the  shell,  and  inclined  upwards,  be- 
yond the  mouth  of  the  front  water  leg.  The  throat  or 
mouth  of  each  water  leg  is  large,  to  equal  in  area  the 
total  tube  area,  and  where  it  joins  the  shell  it  increases 
gradually  in  width  by  double  the  radius  of  the  flange. 
In  the  setting,  the  front  water  leg  is  placed  firmly  on  a 
set  of  strong  cast  iron  columns,  bolted  and  braced  to- 
gether by  the  door  frames,  dead  plate,  etc.,  forming  the 
fire  front  This  is  the  fixed  end.  The  rear  water  leg 
rests  on  rollers,  free  to  move  on  cast  iron  plates  set  in 
the  lower  masonry  of  the  rear  wall.  The  brick  work 
does  not  close  in  entirely  to  the  boiler,  the  space  between 
being  filled  with  tow  or  waste  saturated  with  fire  clay 
or  other  refractory,  but  pliable  material,  thus  leaving 
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the  boiler  and  its  walls  each  free  to  move  separately  dxu*- 
ing  expansion  or  contraction,  without  disturbing  any 
joints  in  the  inasonr5\  On  the  lower,  and  between  the 
upper  tubes,  are  placed  light  fire  brick  tiles.  The  lower 
tier  extends  from  the  front  water  leg  to  within  a  few 
feet  of  the  rear  one,  leaving  there  an  upward  passage 
across  the  rear  ends  of  the  tubes  for  the  flame  and  gases. 
The  upper  tier  closes  into  the  rear  water  leg,  and  ex- 
tends forward  to  within  a  few  feet  of  the  front  one,  thus 
leaving  an  opening  for  the  gases  in  front.  The  side  tiles 
extend  from  the  side  walls  to  tile  bars,  and  close  up  to 
the  front  water  leg,  and  front  wall,  and  leave  open  the 
final  uptake  for  the  waste  gases  over  the  back  part  of 
the  shell,  which  is  here  covered  above  the  water  line  with 
a  row  of  lock  fire  brick,  resting  on  the  tile  bars.  The 
rear  wall,  and  one  parallel  to  it,  are  arched  over  the  shell 
a  few  feet  forward,  form  the  uptakes. 

THE  BABCOCK  &  WILCOX  WATER  TUBE  BOILER. 

Description.  Figure  8  presents  a  side  view  of  the 
Babcock  &  Wilcox  boiler,  and  Figure  9  a  partial  section. 

This  boiler  is  composed  of  lap-welded  wrought  iron 
tubes,  placed  in  an  inclined  position  and  connected  with 
each  other,  and  with  a  horizontal  steam  and  water  drum, 
by  vertical  passages  at  each  end,  while  a  mud-drum  is 
connected  to  the  rear  and  lowest  point  in  the  boiler. 

The  end  connections  are  in  one  piece  for  each  vertical 
row  of  tubes,  and  are  of  such  form  that  the  tubes  are 
** staggered"  (or  so  placed  that  each  row  comes  over  the 
spaces  in  the  previous  row).  The  holes  are  accurately 
sized,  made  tapering,  and  the  tubes  fixed  therein  by  an 
expander.    The  sections  thus  formed  are  connected  with 
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Tiff.  9.   Pftxtlal  YertlcBl  Section  Bftbcock  A  Wilcox  Boiler. 
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the  drum,  and  with  the  mud-drum  also  by  short  tubes 
expanded  into  bored  holes,  doing  away  with  all  bolts, 
and  leaving  a  clear  passageway  between  the  several 
parts.  The  openings  for  cleaning  opposite  the  end  of 
each  tube  are  closed  by  hand'-hole  plates,  the  joints  of 
whieh  are  made  in  the  most  thorough  manner,  by  milling 
the  surfaces  to  accurate  metallic  contact,  and  are  held 
in  place  by  wroiight-iron  forged=  clamps  and  bolts.  They 
are  tested  and  made  tight  under  a  hydrostatic  pressure 
of  300  pounds  per  square  inch,  iron  to  iron,  and  without 
rubber  packing  or  other  perishable  substances. 

The  steam  and  water  drums  are  made  of  flange  iron 
or  steel,  of  extra  thdckness,  and  double  riveted.  They 
can  be  made  for  any  d^esired  pressure,  and  are  always 
tested  at  50  per  cent  above  the  pressure  for  which  they 
are  constructed.  The  mud-drums  are  of  cast  iron,  as 
the  best  material  to  withstand  corrosion,  and  are  pro- 
vided with  ample  means  for  cleaning. 

Erection.  In  erecting  this-  boiler,  it  is  susx)ended  en- 
tirely independent  of  the  brickwork,  from  wrought  iron 
girders  resting  on  iron  colunms.  This  avoids  any  strain- 
ing of  the  boiler  from  unequal  expansion  between  it 
and  its  enclosing  walls,  and  permits  the  brickwork  to  be 
repaired  or  removed,  if  necessary,  without  in  any  way 
disturbing  the  boiler.  All  the  fixtures  are  extra  heavy 
and  of  neat  designs. 

Operation.  The  fire  is  made  under  the  front  and 
higher  end  of  the  tubes,  and  the  products  of  the  combus- 
tion pass  up  between  the  tubes  into  a  combustion  cham- 
ber under  the  steam  and  water  drum ;  from  thence  they 
pass  down  between  the  tubes,  then  once  more  up  through 
the  spaces  between  the  tubes,  and  off  to  the  chimney. 
Tl^e  wftter  ipside  the  tubes,  as  it  is  heated,  tends  to  rise 
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Fig.  10.    End  View  of  Header. 
Babcock  &  Wilcox  Boiler. 
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towards  the  higher  end,  and  as  it  is  converted  into  steani 
— the  mingled  column  of  steam  and  water  being  of  less 
specific  gravity  than  the  solid  water  at  the  back  end  of 


Fig.  14.    standard  Front  of  Babcock  A  Wilcox  BoUer. 

the  boiler — rises  through  the  vertical  passages  into  the 
drum  above  the  tubes,  where  the  steam  separates  from 
the  water  and  the  latter  flows  back  to  the  rear  and  down 
again  through  the  tubes  in  a  continuous  circulation.    As 


WATER  TUBE  BOILEBS  25 

;  the  pafisages  are  all  large  and  free,  this  circulation  is  very 
I  rapid,  sweeping  away  the  steam  as  fast  as  formed,  and 
8uppl3ring  its  place  with  water;  absorbing  the  heat  of 
the  fire  to  the  best  advantage;  causing  a  thorough  com- 
\  mingling  of  the  water  throughout  the  boiler  and  a  conse- 
I        quent  equal  temperature,  and  preventing,  to  a  great  de- 

Igree,  the  formation  of  deposits  or  incrustations  upon  the 
heating  surfaces,  sweeping  them  away  and  depositing 
them  in  the  mud-drum,  whence  they  are  blown  out. 

The  steam  is  taken  out  at  the  top  of  the  steam-drum 
near  the  back  end  of  the  boiler  after  it  has  thoroughly 
separated  from  the  water,  and!  to  insure  dry  steam,  a  per- 
forated dry-pipe  is  connected  to  the  nozzle  inside  the 
drum. 

THE  STIRLING  WATER-TUBE  SAFETY  BOILER. 

The  Stirling  boiler,  figures  15  and  16,  consists  of  three 
upper  or  steam  drums,  eaeh  connected  by  a  number  of 
tubes  (called  a  **bank'')  to  a  lower  or  mud  drum.  Suit- 
ably disposed  fire  tile  baflBes  between  the  banks  direct 
the  gases  into  their  proper  course.  Shorter  tubes  con^ 
meet  the  steam  spaces  of  all  upper  drums,  also  water 
spaces  of  front  and  middle  drums.  The  boiler  is  sup- 
ported on  a  structural  steel  framework,  around  which  is 
built  a  brick  setting,  whose  only  office  is  to  provide  fur- 
nace space,  and  serve  as  a  housing  to  confine  the  beat. 
The  entire  front  is  of  metal  of  appropriate  and  artistic 
design.  These  parts,  together  with  the  usual  valves  and 
fittings,  constitute  the  completed  boiler,  which  represents 
the  acme  of  simplicity  and  eliminates  the  complication  of 
the  older  types. 

The  drums  vary  from  36  to  54  inches  in  diameter  and 
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are  made  of  the  best  open  hearth  flange  steel.  The  plates 
extend  the  entire  distance  between  heads,  henoe  there  are 
no  circular  seams.  The  longitudinal  seams — ^which  are 
double  or  triple  riveted  according  to  the  working  pres- 
sure to  be  carried — are  so  placed  that  they  are  not  ex- 
posed to  high  temperature.  The  drum'  heads  are  lj.ydrau- 
lically  dished  to  proper  radius;  each  drum  is  provided 
with  one  manhole,  and  the  manhole  plate  and  arch  bars 
are  of  wrought  steel ;  four  manhole  plates,  which  can  \)e 
removed  in  ten  minutes,  give  access  to  the  entire  interior 
of  the  boiler,  and  expose  every  tube  end',  rivet  and  joint. 
The  drum  interiors  are  perfectly  clear;  there  are  no 
baffles,  stays,  tie-rods,  mud  pipes  or  other  obstructiomf 
in  them. 

The  tubes  are  best  lap-weldied  mild  steel.  They  are 
slightly  curved  at  the  ends  to  permit  them  to  enter  the 
drums  normally  and  to  provide  for  free  expansion  of 
the  boiler  when  at  work.  The  tubes  are  expanded  di- 
rectly into  reamed  holes  in  tube  sheets  of  the  drums, 
hence  the  annular  recess  between  tubes  and  the  cast 
headers  of  some  types  of  boiler  is  eliminated,  and  fadlure 
of  tubes  by  pitting  throu<?h  corrosion,  caused  by  aocimiTi- 
lation  of  soot  in  these  recesses,  is  avoided-.  There  are  no 
short  nipples  and  no  tube  joints  in  places  which  can  be 
reached  only  by  jointed-  handles  on  the  tube  expander, 
rendering  it  impossible  to  determine  when  the  tube  has 
been  properly  expanded.  In  the  Stirling  boiler  every 
tube  end  is  visible  and  accessible.  As  the  entire  weight 
of  boiler  and  contents  is  supported  on  the  steel  frame 
work,  cracking  of  the  setting,  due  to  unequal  settlements, 
is  obviated,  and  no  blocking  is  needed  when  the  brick 
work  has  to  be  repaired.  The  design  of  frame  work 
can  be  modified  to  suit  special  conditions.     The  brick 
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setting  is  so  ctearly  shown  in  figures  15  and)  16  that  an 
extended  description  is  unnecessary.  No  special  shapes 
or  other  material  not  found  in  open  market  are  needed. 
Any  necessary  repairs  to  the  brick  work  can  be  made 
without  disturbing  the  boiler  connections.  In  the  design 
of  the  Stirling  furnace  it  will  be  seen  by  reference  to 
figures  15  and  16  that  a  fire  brick  arch  is  sprung  over 
the  grates,  and  immediately  in  front  of  the  first  bank  of 
tubes.  The  large  triangular  space  between  boiler  front, 
tubes  and  mud  drum  is  available  for  a  combustion  cham- 
ber, and  for  installatiim  of  sufficient  grate  surface  to 
meet  the  requirements  of  the  lowest  grades  of  fuel. 

Baffles  and  Course  of  Gases.  The  baffle  walls  rest  di- 
rectly upon  the  tubes,  and  guide  the  course  of  the  gases 
up  the  front  bank,  down  the  middle  anjd  up  the  rear 
bank,  thus  bringing  them  into  such  intimate  contact  with 
the  boiler  surface  that  the  heat  is*  quickly  and  thoroughly 
extracted  from  them.  In  no  other  boiler  are  the  gases 
compelled  to  travel  as  far  before  reaching  the  stack,  and 
the  effect  upon  economy  is  evident.  The  baffles  are 
made  of  plain  rectangular  firetile  carried  in  stock  by 
all  fire-brick  dealers,  in  contrast  to  the  special  formed 
bricks  (obtainable  only  from  the  manufacturer)  required 
by  many  types  of  water-tube  boiler.  Another  marked 
advantage  of  the  Stirling  baffles  is  that  since  no  tubes 
pass  between  or  through  the  tiles  (see  Fig.  17),  they  are 
not  pried  apart  and  made  leaky  by  distorted  tubes ;  they 
can  be  removed  and  replaced  without  disturbing  a  tube. 
Baffles  built  across  the  tubes,  as  in  many  boilers,  are 
damaged  by  pulling  a  faulty  tube  through  them,  and  can 
be  repaired  in  but  one  way — ^by  removal  of  every  tube 
necessary  to  permit  a  man  to  crawl  in  and  reach  the 
defective  spot. 
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Simplicity,  There  are  no  details  of  complicated  shape ; 
no  flat  surfaces,  tie-rods,  water-legs,  headers,  return- 
bends,  outside  circulating  pipes  to  plug  up;  no  nnultitudi- 
nous  handbole  plates  to  be  removed  and  packed  with 
gaskets,  or  be  ground  and  scraped  to  a  fit  whenever 
boiler  is  opened;  no  haffles  or  mud  pipes  in  the  drums; 
no  short  nipples,  seams  exposed  to  heat,  or  parts  inacces- 
sible for  cleaning. 


8ECTI0N  ON  A-B 

FiflT.  17.    EleTEtion  and  Section  of  Firetlle  Baffles  in  Stirling  BoOen. 


Expansion  and  Contraction.  In  the  Stirling  the  mud 
drum  is  not  embedded  in  brickwork,  but  is  suspended  on 
the  tubes  which  connect  it  with  the  upper  drums. 

In  consequence  of  this  construction,  not  only  may  the 
mud  drum  with  perfect  freedom  move  an  amount  repre- 
senting the  resultant  expansion  of  the  boiler,  but  any 
difference  in  expansion  between  the  indiividual  tubes, 
such  as  caused  when  one  side  of  the  furnace  is  being 
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cleaned  and'  other  side  is  excessively  hot,  is  taken  np  by 
the  curve  in  the  tube.  The  boiler  therefore  stays  tight, 
and  is  entirely  free  from  the  stresses  and  frequent  leaks 
caufied  by  unequal  expansion  of  straight  tubes  rigidly 
connected  at  each  end  to  headers,  water-legs,  or  large 
drums.  It  will  thus  be  seen  that  the  bent  tube  performs 
in  the  boiler  the  same  function  as  an  expansion  loop  in 
a  steam  line,  and  that  its  successful  introduction  in  the 
Stirling  boiler  is  a  distinct  and  far-reaching  advance  in 
steam  engineering. 


ng.  18.    StIrliDg  BoUer  CleaniDflr  Doors,  with  Asbefitos  Packinflr  Washers. 

Rapid  Circulation.  The  path  of  the  circulation  in  the 
Stirling  is  as  follows:  The  water  is  fedi  into  upper  rear 
drum,  passes  down  the  rear  bank  of  tubes  to  the  lower 
drum,  thence  up  the  front  bank  to  forward  steam  drum. 
Here  the  steam  formed  during  passage  up  the  front 
bank  disengages  and  passes  through  the  upper  row  of 
cross  tubes  into  the  middle  drum,  while  the  solid  water 
passes  through  the  lower  cross  tubes  into  middle  drum, 
then  down  the  middle  bank  to  lower  drum,  from  which 
it  is  again  drawn  up  the  front  bank  to  retrace  its  former 
course  until  it  is  finally  evaporated.  The  steam  gen- 
erated in  the  rear  bank  passes  through  cross  tubes  to  the 
center  drum. 

The  temperature  of  gases  in  contact  with  the  tubes  will 
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evidently  be  greatest  at  the  bottom  of  the  front  bank, 
and  gradually  decreases  as  the  gases  proceed  along  their 
course  to  the  breeching.  Obviously  then  the  velocity  of 
water  circulation  and  quantity  of  steam  generated  will 
be  a  maximum  in  the  f  rornt  bank ;  in  the  rear  bank  there 
is  a  slow  circulation  downward  equal  to  the  quantity  of 
water  evaporated  in  the  other  two  banks.  The  peculiar 
benefits  arising  from  this  action  will  be  discussed  under 
caption,  '^Ilandiling  Impure  Feed  Water." 

Rapid  circulation  is  essential  for  the  following  reasons : 

(1)  To  keep  all  parts  of  the  boiler  at  practically  the 
same  temperature,  thus  eliminating  severe  stresses  due 
to  unequal  expansion. 

(2)  To  permit  quick  raising  of  steam  and  rapid  re- 
sponse to  sudden  demands  on  the  boiler  capacity. 

(3)  To  sweep  away  from  the  heating  surfaces  all 
steam  bubbles  as  fast  as  formed,  and  thereby  prevent 
** steam  pockets,''  which  quickly  burn  out  the  tubes.  This 
is  so  particularly  the  case  where  intense  local  heating 
occurs  due  to  use  of  gas  or  oil  fuel,  that  some  types  of 
boiler  fairly  well  adiapted  to  coal  cannot  be  suceessfuUy 
used  with  these  fuels. 

The  third  requirement  is  met  only  indifferently  or  not 
at  all  in  those  types  of  boilers  in  which  tubes  often  num- 
bering as  many  as  eighteen  must  discharge  their  entire 
content  of  steam  and  water  through  a  narrow  water-leg, 
or,  worse  still,  through  a  single  nipple  whose  cross  sec- 
tion is  equal  to  that  of  but  one  tube.  At  150  pounds' 
gauge  one  cubic  foot  of  water,  when  converted  into 
steam,  will  have  a  volume  of  about  151  cubic  feet.  In  con- 
sequence of  this  great  increase  in  volume,  as  soon  as  the 
boiler  is  forced  the  nipple  area  becomes  insufficient, 
steam  pockets  form  in  the  lower  tubes,  which  then  be- 
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come  overheated,  and  buckle  aoj  leak,  and  finally  burp 
out.  So  inadequate  are  these  nipples  and  headers  that 
recent  experiments  of  M.  Brull  have  shown  that  in  boil- 
ers whose  circulation  is  constricted  by  nipples  or  narrow 
water-legs,  the  circulation  in  the  upper  tubes  reverses, 
that  is,  it  goes  from  the  front  to  rear  instead  of  in  the 
opposite  way,  as  intendeds  In  consequence  of  this,  much 
matter  suspended  in  the  water  is  swept  into  the  bottom 
tubes,  which  fact,  in  connection  with  the  steam  pockets, 
explains  why  those  tubes  so  rapidly  fail. 

In  the  Stirling  boiler  there  is  no  constriction  of  the 
circulation,  as  each  tube  discharges  directly  into  the 
drums,  without  intervention  of  headers,  nipples  or  water- 
legs.  The  nearly  vertical  position  of  the  tubes  also  pro- 
motes rapid  circulation,  hence  steam  pockets  cannot  form, 
and  a  fruitful  cause  of  interrupted  service  and  tube 
renewals  is  thus  eliminaited. 

A  most  fruitful  cause  of  burnt  tubes  is  a  piece  of  scale 
which  becomes  detached  and  falls  on  the  bottom  of  the 
tube,  and  the  spot  uncler  it  is  certain  to  burn  out  quickly. 
The  Stirling  is  free  from  this  source  of  tube  destruction, 
because  while  the  scale  will  not  form  in  the  hotter  tubes 
unless  the  boiler  is  neglected,  even  if  it  does  form  owing 
to  such  neglect  and  a  piece  becomes  detached,  it  will 
slide  down  to  the  mud  drum  instead  of  lodging. 

Cleaning  the  Interior.  By  removing  four  manhole 
plates,  which  can  be  done  in  ten  minutes,  the  entire  boiler 
interior  is  accessible  for  cleaning.  From  the  preceding 
discussion  it  is  evident  that  the  precipitates  are  settled 
into  the  mud  drum,  whenee  they  are  blown  off  at  inter- 
vals; the  scale  is  practically  confined  to  the  rear  bank  of 
tubes,  and  by  reason  of  escaping  the  high  temperatures 
it  is  soft  and  easily  detached.     Consequently  it  happen? 
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in  most  cases  that  only  the  rear  bank  n€feds  cleaning 
each  time  the  boiler  is  opened,  while  the  others  need  only 
occasional  attention.  The  scale  is  quickly  and  cheaply 
removed  by  a  'HuAine  cleaner,"  described  and  illus- 
trated in  the  section  on  Boiler  Operation. 

Cleaning  the  Exterior.  Ample  cleaning  doors  are  pro- 
vided both  in  the  sides  and  rear  of  the  setting,  so  that 
the  exterior  of  the  heating  surfaces  may  be  kept  clean 
and  all  accumulations  of  soot,  ashes,  etc.,  blown  off  as 
rapidly  as  they  form,  by  using  a  steam  blower-pipe  which 
is  furnished  with  every  boiler. 

Durability,  By  reason  of  the  elimination  of  thick 
plates  and  riveted  joints  exposed  to  the  fire;  cast  metal 
of  all  kinds;  parts  of  irregular  shape  and  uncertain 
strength;  stresses  due  to  unequal  expansion,  multitudes 
of  caps,  joiots  and  nipples,  and  similar  objectionable 
details,  the  Stirling  boiler  is  free  from  parts  liable  to 
get  out  of  order.  The  prevention  of  scale  deposits  in 
the  hottest  tubes;  the  perfect  facilities  for  keeping  the 
boiler  cleaui;  the  rapidity  of  water  circulation  and  im- 
possibility of  forming  steam  pockets,  a.11  combine  to  pro- 
tect the  tubes  against  burning  out.  Hence  the  necessity 
of  repairs  to  the  boiler  itself  is  extremely  remote.  The 
setting  is  simple  and  substantial  and  not  subject  to  de- 
rangement  other  than  the  natural  wear  of  surface  lining. 

'* MAXIM*'  WATER  TUBE  BOILER. 

The  ** Maxim'*  water-tube  boiler  (Figures  22  and  23) 
consists  of  two  drums,  one  above  the  other,  connected  by 
tubes.  Each  tube  has  two  bends,  thus  providing  for 
une(|ual  expansion  and  contraction.  The  space  between 
the  tubes  is  greater  than  the  diameter  of  the  tubes,  so 
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that  any  tube  can  be  passed  through  the  space  between. 
The  tubes,  which  are  nearly  vertical,  are  arranged  in 
parallel  rows,  the  lower  tube  plates  being  cylindrical, 


Fijr.  22.    Front  Elevation  Maxim  Boiler. 

and  the  bottom  end  of  every  tube  is  opened  to  the  lower 
drum,  thus  enabling  the  flue  dust,  mud  and  loose  scale 
to  drop  away  from  the  heating  surface.     There  are  no 
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riveted  joints  exposed  to  the  flames  or  fire  gases,  and 
there  are  no  cylinders  subject  to  external  pressure. 

The  heatin-g  surface  is  arranged  so  as  to  break  up  the 
current  of  heated  gases,  which  travels  three  times  the 
length  of  the  tube,  the  form  and  direction  of  the  gas 
current  being  changed  seven  times  between  the  furnace 
and  chimney,  to  insure  a  low  temperature  to  the  escaping 
gases. 


Fig.  23.    Maxim  Boiler. 


The  circulation  is  oomrtant,  the  return  circulation  being 
provided  for  by  a  third  set  of  tubes,  which  are  subjected 
to  the  heat  of  the  gases  just  before  reaching  the  chimney. 
As  the  cold  feed  water  meets  the  gases  as  they  leave 
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the  boiler,  the  front  section  of  the  tube,  which  receives 
the  feed  water,  acts  as  an  economizer  and  purifier. 

The  furnace  of  this  type  of  boiler  is  constructed  of 
fire-brick,  and  is  built  under  the  boiler.  Between  the 
furnace  and  eadi  combustion  chamber  there  is  a  throat 
contracted  to  the  proper  size  for  drafts,  the  purpose  being 
to  insure  a  better  combustion  by  an  intimate  mixture  of 
gases.  The  illustrations  show  a  side  view,  sectional  view 
through  A  B,  and  a  front  view. 

THE  BIGELOW-HORNSBY  WATER-TUBE  BOUiEB. 

The  American  rights  to  msanufacture  the  Homsby 
water-tube  boiler,  which  has  been  on  the  English  market 
five  years,  were  recently  acquired  by  the  Digelow  Com- 
pany, of  New  Haven,  Conn.,  hence  in  this  country  it  will 
be  known  as  the  '*Bigelow-Homsby"  boiler.  It  has  been 
re-designed  in  a  measure,  to  meet  the  requirements  of 
American  high-pressure  practice.  A  general  idea  of  its 
construction  may  be  obtained  from  Fig.  23a,  which  shows 
a  section  through  the  setting.  It  will  be  noted  that  the 
boiler  is  supported  entirely  from  the  overhead  beams, 
leaving  the  lower  part  free  to  respond  to  expansion 
stresses.  The  front  tubes  are  inclined  at  an  angle  of 
68  degrees,  and  the  rear  units  are  vertical,  as  shown. 
Only  two  lengths  of  tubes  are  used.  Each  section  is 
independent  of  its  neighbor,  except  the  nipples  connect- 
ing with  the  steam  drum  and  the  equalizing  nipples 
which  connect  the  bottom  drums  of  the  rear  sections. 
This  flexible  form  of  construction  permits  the  building 
of  very  large  units,  even  larger  than  the  2,200-horse- 
power  Homsby  boilers  at  the  Bow  Street  station  of  the 
Ch^rin^  Cross  S^  London  Electricity  Works,  wber^  four 
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FiR.  2Sa.    Section  Through  Setting:  of  BiRelow-Horneby  Boiler. 

boilers  containing?  21,700  square  feet  of  heating  surface 
evaporate  in  regular  service  110,000  pounds  of  water  per 
hour.  A  large  percentage  of  the  lieating  surface  is  ex- 
posed to  the  radiant  heat  of  the  furnace,  and  to  the  first 
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paas  of  gases,  before  these  have  reached  any  other  heat- 
ing surface.  The  tubes  of  th«  front  unit,  which  are  lo- 
oated  in  front  of  tbe  baflfles,  comprise  more  than  12  per 
cent  of  the  heating  surface  of  the  boiler. 

The  feed-water  is  admitted  into  the  bottom  drum  of 
the  rear  unit  and  is  advanced  gradually  from  the  coldest 
to  the  hottest  portion  of  the  boiler,  first  passing  up  the 
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Fig.  28b. 


entire  length  of  the  tubes  in  the  rear  unit,  then  from 
the  tap  of  those  tubes  to  the  unit  immediately  in  front, 
down  this  unit,  and  up  the  two  front  units  and  back 
through  the  steam  drum  to  the  first  vertical  unit  at  tbe 
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rear  of  the  steam  drum.  There  is  also,  as  may  be  con- 
ceived, a  rapid  local  circulation  in  each  of  the  units  while 
the  general  circulation  is  going  forward.  The  speed  of 
the  feed-water  up  the  rear  unit  being  regulated  by  the 
amount  of  steam  generated,  ample  time  is  permitted  for 
sediment  and  scale-forming  matter  to  be  deposited  in  th€ 
bottom  drum  of  this  unit.  All  liberation  of  steam  from 
the  water  surfaces  takes  place  in  the  upper  drums  and  is 
entirely  unrestrained,  the  full  area  of  the  tube  openings 
communicating  with  the  drums.  The  transfer  of  steam 
and  water  between  units  occurs  through  separate  nipples, 
and  the  water  nipples  are  required  merely  to  care  for 
the  general  circulation  through  the  boiler. 

The  arrangement  of  this  boiler  is  such  t&at  it  can  be 
baffled  so  that  the  products  of  combustion  are  carried 
uniformly  over  the  heating  surfaces  in  thin  layers,  there 
being  no  large  unrestricted  paths  parallel  to  the  heating 
surfaces  through  which  the  gases  can  flow  in  their  passage 
to  the  uptake.  Fig.  23b,  which  is  a  horizontal  section 
through  some  of  the  rear  units,  shows  how  they  are  ar- 
ranged with  reference  to  the  gas  currents,  and  how  the 
baffle-plates  serve  to  guide  the  gases  through  in  substan- 
tially uniform  passages. 

The  smoke  flue  can  be  taken  off  at  the  back  of  the  boiler 
at  any  point  between  the  top  and  bottom.  All  the  tubes 
are  straight  and  every  tube  in  each  section  can  be  reached 
for  cleaning  by  the  removal  of  a  single  manhole  cover. 

The  boiler  is  built  to  a  factor  of  safety  of  five  for  200 
pounds  working  pressure,  and  it  is  stated  that  a  test 
section  has  been  subjected  to  hydrostatic  pressure  of 
1,000  pounds  without  rupture.  The  ratio  of  grate  sur- 
face to  heating  can  be  made  as  low  as  1  to  26. 


QUESTIONS  AND  ANSWERS. 

1.  What  types  of  boilers  are  most  conunonly  used  in 
central  power  stations  ^supplyin-g  electric  current  for 
railway  service? 

Ans.  The  horizontal  tubular  boiler  and  the  water  tube 
boiler. 

2.  Describe  in  general  terms  the  horizontal  tubular 
boiler. 

Ans.  It  consists  of  a  shell  having  tubes  of  smiall  diam- 
eter, extending  from  head  to  bead. 

These  tubes  are  located  in  the  water  space. 

3.  What  is  their  function! 

Ans.  To  supply  a  passageway  to  the  stack  for  the  hot 
gases  from  the  furnace. 

4.  Does  the  water  in  the  boiler  receive  heat  from  these 
tubes  t 

Ans.    It  certainly  does. 

5.  Describe  the  route  taken  by  the  smoke  and  hot 
gases  in  the  operation  of  a  tubular  boiler. 

Ans.  Prom  the  fumflce,  located  under  the  front  end 
of  the  boiler,  the  gases  pass  und^er  and  along  the  sides 
of  the  shell,  back  to  the  rear  end,  the  upper  part  of 
which  is  arched  over.  The  route  is  here  reversed,  and 
the  products  of  combustion  return  through  the  flues  to- 
wards the  front  end'  and  thence  through  the  breeching 
into  the  stack. 

6.  Is  this  type  of  boiler  economical  in  the  burning  of 
fuel! 
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Ans.  It  can  be  made  so  if  properly  set  and  handled  in 
operation. 

7.  Describe  in  a  general  way  the  water  tube  boiler. 
A71S,     It  consists  of  a  set,  or  sets  of  tubes  3  to  4  in.  in 

diameter,  sometimes  vertical,  and  sometimes  inclined,  and 
connected  at  the  top  to  a  steam  drum,  and  at  the  bottom 
to  a  mud  drum. 

8.  What  advantagres  as  regards  circulation  of  the 
water  has  the  water  tube  boiler? 

Ans,    It  provides  for  a  free  circulation. 

9.  Name  another  advantage  connected  with  the  water 
tube  boiler. 

Ans.  The  margin  of  safety  from  dangerous  explo- 
sions. 

10.  Why  is  this? 

Ans.  Because  if  one  or  more  tubes  give  way  the  pres- 
sure is  relieved. 

11.  What  precautions  should  be  observed  in  the  de- 
sign and  construction  of  a  boiler? 

A71S.  The  best  materials  should  be  used,  the  boiler 
should  be  simple  in  design,  and  the  workmanship  should 
be  perfect. 

12.  Where  should  the  mud  drum  be  located? 
Ans.    In  a  place  removed  from  the  action  of  the  fire. 

13.  What  should  be  the  capacity  of  the  boiler  rela- 
tive to  its  work? 

Ans.  It  should  have  a  steam  and  water  capacity  suf- 
ficient to  prevent  any  fluctuation  in  either  the  steam 
pressure  or  the  water  level,  if  properly  fed. 

14.  Why  should  the  water  in  a  boiler  circulate  freely 
and  constantly? 

Ans.  In  order  to  maintain  all  parts  at  as  near  the 
same  temperature  as  possible. 
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15.  What  should  the  strength  of  a  boiler  be,  relative 
to  the  strain  it  is  liable  to  be  subject  to! 

Arts.    It  should  have  a  great  excess  of  strength. 

16.  Is   a  combustion   chamber  an   advantage   to   a 
boiler! 

Ans.     It  is,  in  order  to  complete  the  combustion  of 
the  gases  before  they  escape  to  the  chimney. 

17.  How  should  a  boiler  be  arranged  with  regard  to 
cleaning! 

Ans.    All  parts  should  be  easily  accessible  for  clean- 
ing and  repairs. 

18.  What  type  of  boiler  is  the  Cahall! 
A71S.  It  is  a  water  tube  boiler. 

19.  Is  it  vertical  or  horizon'tal! 
Ans,   It  is  built  either  way. 

20.  What  form  of  Cahall  is  generally  used  in  central 
I)ower  stations! 

Ans.    The  horizontal  form. 

20a.    What  is  the  range  of  pressures  that  these  boil- 
ers are  built  for! 

Ans.    From  160  to  500  lbs.  per  sq.  in. 

21.  Describe  the  method  of  constructing  the  joints. 
Ans.    The  sheets  are  beveled  on  the  edges,  bent  into 

shape,  and  rivet  holes  drilled  after  bending. 

22.  What  is  gained  by  so  doing! 

Ans.    Absolutely  round  rivet  holes  and  no  crystalliza- 
tion. 

23.  What  type  of  riveted  joint  is  used  on  the  hifjher 
pressure  boilers! 

Ans.    Triple  riveted,  double  strapped. 

24.  How  are  the  tubes  connected  to  the  steam  drum 
in  the  Cahall  boiler! 

Ans.  By  nipples  connected  to  saddles  on  the  drum. 
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25.  Does  this  boiler  rest  upon  the  brick  work! 
Ans.     It  does  not,  but  is  suspended  free  from  the 

masonry. 

26.  What  adv€mtag«e  is  there  in  this  style  of  setting? 

Ans.  The  entire  structure  is  free  to  expand  or  con- 
tract without  causing  any  strains  on  either  boiler  or 
brick  work. 

27.  Describe  the  Heine  boiler. 

Ans.  It  consists  of  one,  and  sometimes  two  shells  on 
drums  resting  upon  water  legs  riveted  to  each  end. 
These  water  legs  are  connected  by  horizontal  tubes.  The 
water  fills  the  tubes,  water  legs,  and  partially  fills  the 
shell,  leaving  the  upper  portion  for  steam  space. 

28.  In  the  setting  does  this  boiler  occupy  a  horizon- 
tal position! 

Ans.  No.  The  shell  and  tubes  have  an  incline  of  one 
inch  in  twelve  from  front  to  rear. 

29.  What  provision  is  maide  for  cleandng  and  repair- 
ing the  tubes? 

Ans.  Hand  holes  are  located  in  the  head'  plates  oppo- 
adte  each  tube. 

30.  How  are  these  hand  holes  dosed! 
Ans.    In  the  ordinary  way,  by  plates. 

31.  Where  is  the  mud  drum  located  in  the  Heine 
boiler! 

Ans.    Inside  the  shell,  near  the  bottom. 

32.  How  is  the  Heine  boiler  supported  in  the  setting! 
Ans.   The  front  or  fixed  end  rests  upon  cast  iron  col- 
umns.   The  rear  water  leg  upon  rollers. 

33.  Describe  in  brief  the  Babcock  and  Wilcox  boiler. 
Ans.   It  is  composed  of  wrought  iron  tubes,  placed  in 

an  inclined  position,  and  connected  with  each  other,  and 
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with  a  horizontal  steam  and  water  drum  by  vertical 
headers. 

34.  Where  is  the  mud  drum  in  this  boiler? 

Ans,    In  the  rear,  and  connected  to  the  lowest  part  of 
the  bailer. 

35.  What  provision  is  made  for  cleaning  the  tubes 
in  the  Babcock  and  Wilcox  boiler! 

Ans.     Through  hand  holes  in  the  headers,  opposite 
each  tube  1 

36.  How  is  this  boiler  supported  in  the  setting! 
Ans.    It  is  suspended  from  wrought  iron  girders,  en- 
tirely independent  of  the  brick  work. 

37.  Describe  in  general  terms  the  Stirling  boiler. 
Ans.     It  consists  of  three  upper  steam  drums,  each 

being  connected  by  a  number  of  tubes  to  a  lower  or  mud 
drum. 

38.  How  are  the  steam  spaces  connected! 
Ans.   By  shorter  tubea 

39.  How  is  the  boiler  supported! 
Ans.    On  a  structural  steel  frame  work. 

40.  What  provision  is  made  for  expansion  and  con- 
traction of  the  tubes! 

Atis.    They  are  slightly  curved  near  the  ends. 

41.  How  are  the  hot  gases  directed  in  their  course 
from  furnace  to  stack! 

Ans.    By  means  of  fire  brick  baffle  walls. 

42.  How  is  the  interior  of  this  boiler  cleaned! 
Ans.    Four  manholes  are  provided  in  the  drums,  by 

which  access  to  the  interior  of  both  the  drums  and  tubes 
is  obtained. 

43.  What  type  of  boiler  is  the  "Maxim"  boiler! 
Ans.     It  is  a  water  tube  boiler  consisting  of  two 

drums,  one  above  the  other,  connected  by  tubes. 
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44.  Describe  the  tubes! 

Arts.  Each  tube  has  two  bends,  thus  providing  for 
unequal  expansion  or  contraction. 

45.  How  is  the  heating  surface  of  the  ** Maxim" 
boiler  arranged? 

Ans.  It  is  so  arranged  that  the  current  of  heated 
gases  is  made  to  travel  three  times  the  length  of  the 
tubes,  th<e  direction  of  the  current  being  changed  seven 
times  in  its  route  from  furnace  to  stack. 
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As  it  is  of  the  highest  importamje  not  only  tx)  the 
engineer  in  charge  of  the  plant,  but  also  to  his  assist- 
ants, and  in  fact  to  all  persons  whose  business  compels 
them  to  be  in  the  vicinity  of  the  boiler-room,  that  there 
should  be  absolutely  no  doubt  as  to  the  safe  construc- 
tion of  the  boilers  and  their  ability  to  withstand  the 
pressures  under  which  they  are  operated,  the  author  has 
compiled  the  following  data  regarding  the  construction 
and  strength  of  boilers.  The  deductions  and  reports  of 
tests  and  experiments  made  by  such  eminent  authorities 
as  Dr.  Thurston,  Prof.  Wm.  Kent,  Dr.  Peabody,  D.  K. 
Clark,  Hutton,  and  many  other  experts  have  been  con- 
sulted, and  the  author  has  also  added  the  results  of  his 
own  observations,  collected  during  an  experience  of 
thirty-five  years  as  a  practical  engineer. 

When  steel  was  first  introduced  as  a  material  for 
boiler  plate,  it  was  customary  to  demand  a  high  tensile 
strength,  70,000  to  74,000  lbs.  per  sq.  in.,  but  experience 
and  practice  demonstrated  in  course  of  time  that  it  was 
much  safer  to  use  a  material  of  lower  tensile  strength.  It 
was  found  that  with  steel  boiler  plate  of  high  tenacity 
there  was  great  liability  of  its  cracking,  and  also  of  cer- 
tain changes  occurring  in  its  physical  properties,  brought 
about  by  the  variations  in  temperature  to  which  it  was 
exposed.  Consequently  present-day  specifications  for 
steel  boiler  plate  call  for  tensile  strengths  running  from 
55,000  to  66,000  lbs.,  usually  60,000  lbs.  per  sq.  in.  Dr. 
Thurston  gives  what  he  calls  **good  specifications"  for 

47 


48  POWER  STATIONS 

boiler  fsrteel  as  follows:  "Sheets  to  be  of  uniform  thick- 
ness, smooth  finish,  and  sheared  closely  to  size  ordered.'* 
Tensile  strength  to  be  60,000  lbs.  per  sq.  m.  for  fire 
box  sheets  and  55,000  lbs.  per  sq.  in.  for  shell  sheets. 
Working  test :  a  piece  from  each  sheet  to  be  heated  to  a 
dark  cherry  red,  plunged  into  water  at  60°  and  bent 
double,  cold,  under  the  hammer.  Such  piece  to  show 
no  flaw  after  benddng.  The  U.  S.  Board  of  Supervising 
Inspectors  of  Steam  Vessels  prescribes,  in  Section  3  of 
General  Rules  and  Regulations,  the  following  method 
for  ascertaining  the  tensile  strength  of  steel  plate  for 
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Fig.  24.    Test  Piece. 

boilers:  *' There  shall  be  taken  from  each  sheet  to  be 
used  in  shell  or  other  parts  of  boiler  which  are  subject 
to  tensile  strain,  a  test  piece  prepared  in  form  accord- 
ing to  figure  24.  The  straight  part  in  center  shall  be  9 
in.  in  length  and  1  in.  in  width  marked  with  light  prick 
punch  marks  at  distances  1  in.  apart,  as  shown,  spaced 
so  as  to  give  8  in.  in  length.  The  sample  must  show, 
when  tested,  an  elongation  of  at  least  25  per  cent  in 
a  length  of  2  in.  for  thickness  up  to  y^  in.,  inclusive; 
in  a  length  of  4  in.,  for  over  ^4  ^^'  ^  7/16  in.,  inclu- 
sive; in  a  length  of  6  in.,  for  all  plates  over  7/16  in. 
&nd  under  1%  in,  in  thickness,    The  samples  shall  also 
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be  capable  of  being  bent  tx)  a  curve  of  which  the  inner 
radius  is  not  greater  than  li/^  times  the  thickness  of 
the  plates,  after  having  been  heated  uniformly  to  a  low 
cherry  red  and  quenched  in  water  of  82®  F. 

Punched  and  DriUed  Plates.  Much  has  been  written 
on  this  subject,  and  it  is  still  open  for  discussion.  If 
the  material  is  a  good,  soft  steel,  punched'  sheets  are 
apparently  as  strong  and  in  some  instances  stronger 
than  drilled,  especially  is  this  the  case  with  regard  to 
the  shearing  resistance  of  the  rivets,  which  is  greater 
with  punched  than  with  drilled  holes. 

Concerning  rivets  and  rivet  iron  and  steel,  Dr.  Thurs- 
ton has  this  to  say  in  his  ** Manual  of  Steam  Boilers": 
"Rivet  iron  should  have  a  tenacity  in  the  bar  approach- 
ing 60,000  lbs.  per  sq.  in.,  and  should  be  as  ductile  as 
the  very  best  'boiler  plate  when  cold.  A  good  %-in. 
iron  rivet  can  be  doubled  up  and  hammered  together 
cold  without  exhibiting  a  trace  of  fracture."  The  shear- 
ing resistance  of  iron  rivets  is  about  85  per  cent  and 
that  of  steel  rivets  about  77  per  cent  of  the  tenacity 
of  the  original  bar,  as  shown  by  experiments  made  by 
Greig  and  Byth.  The  researches  madte  by  Wohler 
demonstrated  that  the  shearing  strength  of  iron  was 
about  four-fif tte  of  the  tensile  strength. 

The  tables  that  follow  have  been  compile  from  the 
highest  authorities  and  show  the  results  of  a  long  and 
exhaustive  series  of  tests  and  experiments  made  in  order 
to  ascertain  the  proportions  of  riveted  joints  that  will 
give  the  highest  efficiencies. 

The  following  Table  1  gives  the  diameters  of  rivets 
for  various  thicknesses  of  plates  and  is  calculated  ac- 
cording to  a  rule  given  by  Unwin : 
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TABLE  1. 

TABLE  OF  DIAMETERS  OP  RIVETS. 

Thickness  of        Diameter  of  Thickness  of  Diameter  of 

Plate.  Rivet.  Plate.  Rivet. 

14  inch         1/4  inch  9/16  inch         yg  inch 

5/16  ''       9/16     ''  %     ''     15/16  '' 

%  -     11/16    **  %   /^         ItV  " 

7/16  **           %    ''  Vs    "         IVs  " 

1/2  **     13/16     ''  1        *'         1V4  '' 

The  eflSciency  of  the  joint  is  the  percentage  of  the 
strength  of  the  solid  plate  that  is  retained  in  the  joint, 
and  it  depends  upon  the  kind  of  joint  and  method  of 
construction. 

If  the  thickness  of  the  plate  is  more  than  V2  i^^-*  ^^e 
joint  should  always  be  of  the  double  butt  type. 

The  diameters  of  rivets,  rivet  holes,  pitch  and  effi- 
ciency of  joint,  as  given  in  the  following  Table  2,  which 

TABLE  2. 

PROPORTIONS  AND  EFFICIENCIES  OF  RIVETED  JOINTS. 

Inch.     Inch.    Inch.     Inch.    Inch. 

Thickness  of  plate       i/i       5/16  %       7/16  i/> 

Diameter  of  rivet.       %     11/16  3^     13/I6  7/3 

Diameter  of  rivet- 
hole    11/16  %      13/16  7/8     15/16 

Pitch  for  single 
riveting    2        2iV         ^Vg        2A         21/4 

Pitch     for    double 

riveting    3         3Vg        3Vt         3%        31/2 

Efficiency,  single- 
riveted   joint 66         .64         .62         .60         .58 

EflRdency,  double- 
riveted   joint 77         .76         .75         .74         .73 
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was  published  in  the  ** Locomotive"  several  years  ago, 
were  adopted  at  the  time  by  some  of  the  best  establish- 
ments in  the  United  States : 

Concerning  the  proportions  of  double-riveted  butt 
joints,  Prof.  Kent  sajrs:  **  Practically  it  may  be  said 
that  we  get  a  double-riveted  butt  joint  of  maximum 
strength  by  making  the  diameter  of  the  rivet  about  1.8 
times  the  thickness  of  the  plate,  and  making  the  pitch 
4.1  times  the  diameter  of  the  hole.'' 

Ta:ble  3  as  given  below  is  condensed  from  the  report 
of  a  test  of  double-riveted  lap  and  butt  joints.  In  this 
test  the  tensile  strength  of  the  plates  was  56,000  to  58,- 
000  pounds  per  square  inch,  and  the  shearing  resistance 
of  the  rivets  (steel)  was  about  50,000  pounds  per  square 
inch. 

TABLE  3. 

DIAMETER   AND   PnCH    OP    RIVETS — DOUBLE-RIVETED    JOINT. 


Kind  of 

TbickneBS 

Diameter 

Ratio  of  Pitch 

Joint. 

of  Plate. 

of  Rivet. 

to  Diameter. 

Lap 

%  inch 

0.8  inches 

3.6  inches 

Butt 

%  " 

0.7     '' 

3.9       ** 

Butt 

3/4      - 

1.1       *' 

4.0      ** 

Butt 

1      ** 

1.3      '' 

3.9      ** 

Lloyd's  rules,  condensed,  are  as  follows: 

UiOYD's   RULES — THICKNESS   OP    PLATE   AND   DIAMETER    OF 

RIVETS. 


ThlckDera 

Diameter 

Thickness 

Diameter 

of  Plate. 

of  Rivets. 

of  Plate. 

of  Rivets. 

%  inch 

%  inch 

%  inch 

%  incli 

7/16    " 

%   " 

x3/16    " 

•     %     " 

V2      " 

%  " 

%  " 

1 

9/16     " 

3/4      " 

15/16    " 

1 

%  " 

%      " 

1 

1 

11/16    " 

%      " 
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The  following  Table  4  is  condensed  from  one  calculated 
by  Prof.  Kent,  in  which  he  assumes  the  shearing  strength, 
of  the  rivets  to  be  four-fifths  of  the  tensile  strength  of 
the  plate  per  square  inch,  and  the  excess  strength  of  the 
perf orobed'  plate  to  be  10  per  cent. 

TABLE  4. 


— Pitch—  — ^Efficiency- 


ThiclmeBS      Diameter      Sinirle 
of  Plate.        of  Hole.     BiyeUnff. 


Doable 
BivetiDg. 


Single 
Riyetlng. 


Double 
Riyeting. 


Inches     Inches    Inches      Inches    Per  C5ent  Per  Cent 


% 

% 

2.04 

3.20 

57.1 

72.7 

7/16 

1 

2.30 

3.61 

56.6 

72.3 

V2 

1 

2.14 

3.28 

53.3 

70.0 

Va 

lys 

2.57 

4.01 

56.2 

72.0 

9/16 

1 

2.01 

3.03 

50.4 

67.0 

9/16 

IVs 

2.41 

3.69 

53.3 

69.5 

9/16 

11/4 

2.83 

4.42 

55.9 

71.5 

% 

1 

1.91 

2.82 

47.7 

64.6 

% 

IVs 

2.28 

3.43 

50.7 

67.3 

% 

11/4 

2.67 

4.10 

53.3 

69.5 

Another  table  of  joint  efficiencies  as  given  by  Dr. 
Thurston  is  ass  follows,  slightly  condensed  from  the  orig- 
inal calculation : 

TABLE  5. 
Single  riveting 

Plate  thickness. 5/16"  %"    7/16"  1/2"   %"  3^"  i/^"   r 

Efficiency 55    .55     .53      .52    .48    .47    .45    .43 


Double  riveting 

Plate  thickness,  s/s"  7/16" 

y2"  %" 

%"    1" 

Efficiency 73     .72 

.71    .66 

.61    .63 
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The  author  has  been  at  coneiderable  pains  to  compile 
Tables  6,  7  and  8,  giving  proportions  and  efficiencies 
of  single  lap,  double  lap  and  butt,  and  triple-riveted 
butt  joints.  The  highest  authorities  have  been  consulted 
in  the  computation  of  these  tables  and  great  care  ex- 
ercised in  liie  calculations. 

TABLE  6. 

PROPORTIONS  OP  SINGLE-RIVETED  LAP  JOINTS. 


ThlcknesB  of 

Dlsmeter  of 

Pitch  of  Rivet 

Efficiency 

Plate  Inches. 

Bivet  Inches. 

Inches. 

Percent. 

5/16 

9/16 

1.13 

50.5 

<< 

% 

1.33 

53.3 

li 

11/16 

1.55 

55.7 

% 

.  % 

1.60 

53.3 

tt 

% 

2.04 

57.1 

7/16 

% 

1.87 

53.2 

t< 

1 

2.30 

56.6 

Vi 

1 

2.14 

53.3 

it 

m 

2.57 

56.2 

9/16 

1 

2.01 

50.4 

ii 

Ws 

2.41 

53.3 

it 

1V4 

2.83 

55.9 

% 

IVs 

2.28 

50.7 

<< 

iy4 

2.67 

53.3 

It  will  be  noticed)  that  in  single-riveted  lap  joints  the 
highest  efficiencies  are  attained  when  the  diameter  of  the 
rivet  hole  is  about  2y^  times  the  thickness  of  the  plate, 
and  the  pitch  of  the  rivet  2%  timies  the  diameter  of 
the  hole. 

With  the  double-riveted  joint  it  appears,  according 
to  Table  7,  that  in  order  to  obtain  the  highest  efficiency 
the  joint  should  be  designed  so  that  the  diameter  of  tlie 
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rivet  hole  will  be  from  1  4/5  tx)  2  times  the  thickness  of 
plate,  and  the  pitch  should  be  from  3%  to  3^^  times  the 
diameter  of  the  hole.  Concerning  the  thickness  of  plates 
Dr.  Thurston  has  this  to- say:  **Very  thin  plates  can- 
not be  well  caulked,  and  thick  plates  cannot  be  safely 
riveted.  The  limits  are  about  ^4  of  an  inch  for  the 
lower  limit,  and  %  of  an  inch  for  the  higher  limit." 
The  riveting  machine,  however,  overcomes  the  difficulty 
with  very  thick  plates. 

TABLE  7. 

PROPORTIONS  OP  DOUBLE-RIVETED  LAP  AND  BUTT  JOINTS. 


Thickness             Diameter 

Pitch  ol 

EfflcieDcy. 

of  PlsU 

!.               of  Rivet. 

Rivet. 

5/16  inch      9/16  inoh        1.71  inches        67.1  per  cent 

5/16 

%      ' 

2.05        ' 

69.5      ' 

% 

%      ' 

2.46      ' 

69.5      ' 

% 

%      ' 

3.20      ' 

72.7      ' 

7/16 

%      ' 

2.21      * 

66.2      ' 

7/16 

%      ' 

2.86      ' 

69.4      ' 

7/16 

1 

3.61      ' 

72.3      • 

1/2 

1 

3.28      ' 

70.0      • 

1/2 

IVs    ' 

4.01      ' 

72.0      ' 

9/16 

1 

3.03      ' 

67.0      ' 

9/16 

IVs     ' 

3.69      ' 

69.5      ' 

9/16 

11/4      ' 

4.42      ' 

71.5      ' 

% 

IVs     ' 

3.43      ' 

67.3      ' 

% 

11/4      ' 

4.10      ' 

69.5      ' 

%    ' 

1 

2.50      ' 

72.0      ' 

Vs 

IVs     ' 

3.94      ' 

74.2      ' 

1     ' 

114      ' 

4.10      • 

76.1      ' 

The  triple-riveted  butt  joint  with  two  welts,  one  in- 
side and  one  outside,  has  two  rows  of  rivets  in  double 
shear,  and  one  outer  row  in  sinple  shear  on  each  side  of 
the  butt,  the  pitch  of  rivets  in  the  outer  rows  being  twice 
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the  pitch  of  the  inner  rows.  One  of  the  welts  is  wide 
enough  for  the  three  rows  of  rivets  each  side  of  the  butt, 
while  the  other  welt  takes  in  only  the  two  close  pitch 
rows. 

When  properly  designed  this  form  of  joint  has  a  high 
efficiency,  and  is  to  be  relied  upon.  Table  8  gives  pro- 
portions and  efficiencies,  and  it  will  be  noted  that  the 
highest  degree  of  efficiency  is  shown  when  the  diam- 
eter of  rivet  hole  is  from  1^  to  IV2  times  the  thickness 
of  plate,  and  the  pitch  of  the  rivets  is  from  3Vi>  to  4 
times  the  diameter  of  the  hole.  This,  of  course,  refers  to 
the  pitch  of  the  close  rows  of  rivets,  and  not  the  two 
outer  rows. 

TABLE  8. 

PROPORTIONS  OF  TRIPLE-RIVETED  BUTT  JOINTS  WITH  INSIDE 
AND  OUTSIDE  WELT. 


ThickDesa  of 

Dtameter  of 

Pitch  o( 

Pitch  of  Outer 

Efflclencr 

Plate  Inches. 

Eivet  Indies. 

Rivet  iDChes. 

Rowa  Inches. 

Percent. 

% 

13/16 

3.25 

6.5 

84 

7/16 

13/16 

3.25 

6.5 

85 

% 

13/16 

3.25 

6.5 

83 

9/16 

Vs 

3.50 

7.0 

.    84 

% 

1 

3.50 

7.0 

86 

% 

1  1/16 

3.50 

7.0 

85 

% 

IVs 

3.75 

7.5 

S6 

1 

ly* 

3.87. 

7.7 

84 

The  highest  efficiency  is  attained  in  a  rivettMl  joint 
when  the  tensile  strength  of  the  rods  from  which  the 
rivets  are  cut  approaches  that  of  the  plates,  and  when 
the  proportions  of  the  joint  are  such  that  the  tensile 
strength  of  the  plates,  the  shearing  strength  of  the  riv- 
ets, and  the  crushing  resistance  of  the  rivets  and  plate, 
for  a  given  section  or  unit  strip,  are  as  nearly  equal  as 
it  is  possible  to  secure  them. 


56 


i^OWfiB  Sf  Af  loiJs 


A  few  examples  of  calculations  for  efficiency  will  be 
given,  taking  the  three  forms  of  riveted  joints  in  most 
common   use.      The    following  ndwition   will    be   used 
throughout: 
T.  S.=Ten8ile  strength  of  plate  per  square  inch. 

T=Thicknes8  of  plate. 

C=Crushing  resistance  of  plate  and  rivets. 

A=Sectionjal  area  of  rivets. 

S=Sh€aring  strength  of  rivets. 

I>=I>iame1;er  of  hole  (also'  diameter  of  rivets  when 
driven.) . 

P=Pitch  of  rivets. 

In  the  calculations  that  follow  T.  S.  will  be  assumed 
to  be  60,000  lbs.,  S  will  be  taken  at  45,000  lbs.,  and  the 
value  of  C  may  be  assiuned  to  be  90,000  to  95,090. 


Fig.  26. 
DOUBLE-RIVETED  LAP  AND  BUTT  JOINTS. 

Pig.  25  shows  a  double-riveted  lap  joint.  The  style 
of  riveting  in  this  joint  is  what  is  known  as  chain  rivet- 
ing. 

In  case  the  rivets  are  staggered^  the  same  rules  for 
calculating  the  efficiency  will  hold  as  with  chain  rivet- 
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ing,  for  the  reason  that  with  either  style  of  riveting  the 
unit  strip  of  plate  has  a  width  equal  to  the  pitch  or  dis- 
tance p.    (Pig.  25.) 

The  dimensions  of  the  joint  under  consideration  are 
as  follows:  P=3i4  in.,  T=7/16  in.,  D=l  in.  (which  is 
also  diameter  of  driven  rivet). 

The  strength  of  the  unit  strip  of  solid  plate  is 
PXTXT.S.=85,312. 

The  strength  of  net  section  of  plate  after  drilling  is 
P— DXTXT.S.=59,062. 

The  shearing  resistance  of  two  rivets  is  2AXS=70,686. 

The  crushing  resistance  of  rivets  and  plate  is 
DX2XTXC=78,750. 


Fig.  26. 

It  thus  appears  that  the  weakest  part  of  the  joint  is 
the  net  strip  or  section  of  plate,  the  strength  of  which 
is  59,062  and  the  efficiency=59,062xl00-^85,312=69.2 
per  cent. 

A  double-riveted  butt  joint  is  illustrated  by  Fig.  26, 
and  the  dimensions  are  as  follows: 
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P,  inner  row  of  rivets==2%  in. 
P',  outer  row  of  rivets=5j/2  in. 
T  of  plate  and  butt  straps=7/16  in. 
D  of  hole  and  driven  rivet=l  in. 

Failure  may  occur  in  this  joint  in  five  distinct  ways, 
which  will  be  taken  up  in  their  order. 

1.  Tearing  of  the  plate  at  the  outer  row  of  rivets. 
The  net  strength  at  this  point  is  P— DXTXT.S.,  which, 
expressed  in  plain  figures,  results  as  follows:  5.5 — IX 
.4375X60,000=118,125. 

2.  Shearing  two  rivets  in  double  shear  and  one  in 
single  shear.  Should  this  occur,  the  two  rivets  in  the 
inner  row  would  be  sheared  on  both  sidfes  of  the  plate, 
thus  being  in  double  shear.  Opposed  to  this  strain  there 
are  four  sections  of  rivets,  two  for  each  rivet.  .Then  at 
the  outer  row  of  rivets  in  the  unit  strip  there  is  the  area 
of  one  rivet  in  single  shear  to  be  added.  The. total  re- 
sistance, therefore,  is  5AXS  as  follows:  .7854X5X45,- 
000=176,715. 

3.  The  plate  may  tear  at  the  inner  row  of  rivets  and 
shear  one  rivet  in  the  outer  row.  The  resistance  in  this 
case  would  be  P'— 2DXTXT.S+AXS  as  follows:  5.5 
— 2X.4375X60,000+.7854X45,000=127,218. 

4.  Failure  may  occur  by  crus'hing  in  front  of  three 
rivets.  Opposed  to  this  is  3DXTXC,  or  1X3X.4375X 
95,000=124,687. 

5.  Failure  may  occur  by  crushing  in  front  of  two 
rivets  and  shearing  one.  The  resistance  is  represented  by 
2DXTXC+1AXS;  expressed  in  figures,  1X2X.4375 
X95,000+.7854X45,000=118,468. 
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The  strength  of  a  solid  strip  of  plate  5i/^  in.  wide  be- 
fore drilling  is  P'XTXT.S.,  or  5.5 X. 4375X60.000= 
144,375,  and  the  efficiency  of  the  joint  is  118,125  XlOO-r 
144,375=81.1  per  cent. 


TRIPLE-RIVETED  BUTT  JOINT. 

A  triple-riveted  butt  joint  is  shown  in  Fig.  27,  the 
dimensions  of  which  are  as  follows : 

T=7/16  in.,  D=15/16  in.,  A=.69  in.,  F=3%  in.,  P'= 
6%  in. 

Failure  may  occur  in  this  joint  in  either  one  of  five 
ways. 


Fig.   27. 

1.  By  tearing  the  plate  at  the  outer  row  of  rivets 
where  the  pitch  is  6%  in.  The  net  strength  of  the  unit 
strip  at  this  point  is  P'— DXTXT.S.,  found  as  follows: 
6.75— .9375X.4375X60,000^152,578. 

2.  By  shearing  four  rivets  in  double  shear  and  one 
in  single  shear.  In  this  instance,  of  the  four  rivets  in 
double  shear,  each  one  presents  two  sections,  and  the 
one  in  single  shear  presents  one,  thus  making  a  total  of 
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nine  sections  of  rivets  to  be  sheared',  and  the  strength  is 
9AXS,  or  .69X9X45,000=279,450. 

3.  Rupture  of  the  plate  at  the  middle  row  of  rivets 
and  shearing  one  rivet.  Opposed  to  this  strain  the 
strength  is  P'— 2DXTXT.S.+1AXS,  equivalent  to 
6.75— (.9375X2)  X.4375X60,000+.69X90,000=190,068. 

4.  Crushing  in  front  of  four  rivets  and  shearing  one 
rivet.  The  resistance  in  this  instance  is  4DXTXC+1A 
XS,  or  .9375X4X.4375X90,000+.69X45,000=178,706. 

5.  Failure  may  be  caused  by  crushing  in  front  of  five 
rivets,  four  of  which  pass  through  both  the  inside  and 
outside  butt  straps,  while  the  fifth  rivet  passes  through 
the  inaidte  strap  only,  and  the  resistance  is  5DXTXC, 
equivalent  to  .9375X5X90,000=184,570. 

The  strength  of  the  unit  strip  of  plate  1)ef ore  drilling 
is  P'XTXT.S.,  or  6.75X. 4375X60,000=177,187,  and  the 
efficiency  is  152,578  X100-t-177,187=86  per  cent. 

With  the  constantly  increasing  demand  for  higher 
steam  pressures,  the  necessity  for  higher  efficiencies  in 
the  riveted  joints  of  boilers  becomes  more  apparent,  and 
of  late  years  quadruple  and  even  quintuple-riveted  butt 
joints  have  in  m'any  instanoes  come  into  use.  The  quad- 
ruple butt  joint  when  properly  diesigned  shows  a  high 
efficiency,  in  some  cases  as  high  as  94.6  per  cent.  Fig. 
28  illustrates  a  joint  of  this  kind,  and  the  dimensions 
are  as  follows: 

T=y2itL 

D=15/16  in. 

A=.69  in. 

P,  inner  rows=3%  in. 

P',  1st  outer  row=7V^  in. 

P'',  2d  outer  row=15  in. 
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The  two  inner  rows  of  rivets  extend  through  the  main 
plate  and  both  the  inside  and  outside  cover  plates  or  butt 
straps. 

The  two  outer  rows  reach  through  the  main  plate  and 
inside  cover  plate  only,  the  first  outer  row  having  twice 
the  pitch  of  the  inner  rows,  and  the  second  outer  row 
has  twice  the  pitch  of  the  first. 


Fig.  28. 

Taking  a  strip  or  section  of  plate  15  im  wide  (pitch 
of  outer  row),  there  are  four  ways  in  which  this  joint 
may  fail. 

1.  By  tearing  of  the  plate  at  the  outer  row  of  riveb?. 
The  resistance  is  P"— DXTXT.S.,  or  15— .9375X.5X 
60,000=421,875. 

2.  By  shearing  eight  rivets  in  double  shear  and  three 
in  single  shear.  The  strength  in  resistance  is  19AXS, 
or  .69X19X45,000=589,950. 
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3.  By  tearing  at  inner  rows  of  rivets  and  shearing 
three  riVets.  The  resistance  is  P"— 4DXTXT.S.+3A 
XS,  or  15- (.9375X4) X.5X60,000+. 69X3X^,000= 
430,650. 

4.  By  tearing  at  the  first  outer  row  of  rivets,  where 
the  pitch  is  714  in.,  and  shearing  one  rivet.  The  resist- 
ance is  P"— 2DXTXT.S.+AXS,  or  15— (.9375X2)  X 
.5X60,000+.69X45,000=424,800. 

It  appears  that  the  weakest  part  of  the  joint  is  at  the 
outer  row  of  rivets,  where  the  net  strength  is  421,875. 
The  strength  of  the  solid  strip  of  plate  15  in.  wide  be- 
fore drilling  is  P"XTXT.S.,  or  15X. 5X60,000=450,000, 
and  the  efficiency  is  421,875X100-^450,000=93.7  per 
cent. 

Fig.  29  shows  another  style  of  quadruple-riveted  butt 
joint.  This  joint  is  now  used  on  nearly  all  high-grade 
boilers  of  the  horizontal  return-tubular  type,  and  it 
marks  about  the  practical  limit  of  efficiency  for  riveted 
j  >ints  connecting  plates  of  uniform  thickness  together. 
'1  h?  methods  of  failure  to  be  considered  are  practically 
the  same  as  in  the  two  preceding  joints,  except  that  there 
are  more  rivets  concerned  in  the  calculations: 

(1)  Pulling  apart  of  the  shoots  along  net  section  A  A. 

(2)  Pulling  apart  of  the  sheet  along  section  D  E  F  G 
and  shearing  rivets  A,  B,  C. 

(3)  Pulling  apart  of  sheet  along  section  D  E  F  G 
and  crushing  of  rivets  A,  B,  G  in  the  strap. 

(4)  Shearir/g  rivets  A,  B,  C  in  single  shear  and  D,  E, 
F,  G,  II,  I,  J,  K  in  double  shear. 

(5)  Crushing  of  rivets  D,  E,  F,  G,  H,  I,  J,  K  in  plate 
and  A,  B,  C  in  the  strap. 

(6)  Crushing  of  rivets  D,  E,  F,  G,  II,  I,  J,  K  in  the 
plate  and  shearing  rivets  A,  B,  C. 
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Using  the  numerical  values  previously  given: 

(1)  (15.5— 1)X0.5625X. '55.000=448,580  pounds. 

(2)  [  (15.5-^)   X  0.5625X55,000]  +  (3X42,000X 
0.7854)  =454,739  pounds. 

(3)  [  (15.5-^)X0.5625X55,000]  +  (3X0.4375XlX 
95,000)  =480,465  pounda 
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(4)  (3  X  42,000  X  0.7864)  +  (8X78,000  X  0.7854) 
=  589,050  paunds. 

(5)  (8X0.5625X1X95,000)  +  (3X0.4375X1X95,- 
000)=552,187  pounds. 

(6)  (8X0.5625X1X95,000)  +  (3X42,000X0.7854)= 
526,461  pounds. 

The  strength  of  the  solid  plate  is 

15.5X0.5625X55,000=479,528 

pounds,  and  the  failure  of  the  sheet  by  pulling  apart 
along  the  net  section  A  A  is  the  one  that  determines  the 
eflSciency  of  the  joint,  which  is 

448,580  _^^  -^ 
^179328-=^^-^^    percent. 

Staying  Flat  Surfaces.  The  proper  staying  or  bracing 
of  all  fliat  surfaces  in  steam  boilers  is  a  highly  important 
prcyblem,  and  while  there  are  various  methods  of  bracing 
resorted  to,  still,  as  Dr.  Peabody  says,  **'the  staying  of 
a  flat  surface  consists  essemtially  in  holding  it  against 
pressure  at  a  series  of  isolated  points  which  are  arranged 
in  regular  or  symmetrical  pattern."  The  cylindrical 
shell  of  a  boiler  does  not  need  bracing,  for  the  very  sim- 
ple reason  that  the  internal  pressure  tendb  to  keep  it 
cylindrical.  On  the  contrary,  the  internal  pressure  has  a 
constant  tendency  to  bulge  out  the  flat  surface.  Rule  2, 
Section  6,  of  the  rules  of  the  U.  S.  Supervising  Inspectors 
provides  as  follows:  **No  braces  or  stays  hereafter  to 
be  employed  in  the  construction  of  boilers  shall  be  al- 
lowed a  greater  strain  than  6,000  lbs.  per  sq.  in.  of  sec- 
tion." 

The  method  to  be  employed  in  staying  a  boiler  de- 
pends, upon  the  type  of  boiler  apd  the  pressure  to  b^ 
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carried.  Formerly  when  comparatively  low  preesurea 
were  used  (60  to  75  lbs.  per  sq.  in.)  the  diagonal  crow 
foot  brace  was  considered-  amply  sufficient  for  staying 
the  flat  heads  of  boilers  of  the  cylindrical  tubular  type, 
both  above  and  below  the  tubes,  but  in  the  present  age, 
when  much  higher  pressures  are  demandedi,  through  stay 
rods  are  largely  employed.  These  are  soft  steel  or  iron 
rods  ly^  to  2  in.  in  ddameter,  extending  through  from 
head  to  head,  with  a  pull  at  right  angles  to  the  plate, 
thus  having  a  great  advantage  over  the  diagonal  stay 
in  that  the  pull  on  the  diagonal  stay  per  square  inch  of 
section  is  more  than  5  per  cent  in  excess  of  what  a 
through  stay  would  have  to  resist  under  the  same  con- 
ditions of  pressure. 


Pig.  30. 

The  weakest  portion  of  the  crow  foot  brace  when  in 
position  is  at  the  foot  end,  where  it  is  connected  to  the 
head  by  two  rivets.  "With  a  correctly  designed  brace 
the  pull  on  these  rivets  is  direct,  and  the  tensile  strength 
of  the  material  needs  to  be  considered  only,  but  if  the 
form  of  the  brace  is  such  as  to  bring  the  rivet  holes 
above  or  below  the  oenjter  line  of  the  brace,  or  if  the 
rivets  are  pitched  too  far  from  the  body  of  the  brace, 
there  will  be  a  certain  leverage  exerted  upon  the  rivets 
in  addition  to  the  direct  pull.  Fig.  30  shows  a  brace  of 
incorrect  design  and  Figs.  31  and  32  show  braces  de- 
signed along  correct  lines. 
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Oth€r  methods  of  staying,  besides  the  crow  foot  brac6 
and  through  stays,  consist  of  gusset  stays,  and  for  lo- 
comotives, and  other  fire  box  boilers  screwed  stay  bolts 
are  employed  to  tie  the  fire  box  to  the  external  shell.  The 
holes  for  these  stay  bolts  are  punched  or  drilled  before 
the  fire  box  is  put  in  plaee.  After  it  is  in  and  riveted 
along  the  lower  edge  to  the  foundation  ring,  or  mud 
ring  as  it  is  sometimes  called,  a  continuous  thread  is 
tapped  in  the  holes  in  both  the  outside  plate  and  the  fire 
sheet  by  running  a  long  tap  through  both  plates.    The 


Fig.   31. 


Fig.  32. 


steel  stay  bolt  is  then  screwed  through  the  plates  and 
allowed  to  project  enough  at  each  end  to  permit  of  its 
being  riveted  cold.  Stay  bolts  are  liable  to  be  broken  by 
the  unequal  expansion  of  the  fire  box  and  outer  shell, 
and  a  small  hole  should  be  drilled  in  the  center  of  the 
bolt,  from  the  outer  end  nearly  through  to  the  inner  end. 
Then  in  case  a  bolt  breaks,  steam  or  water  will  blow  out 
through  the  small  hole,  and  the  break  will  be  discovered 
at  once.    The  problem  of  properly  staying  the  flat  crown 
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sheet  of  a  horizontal  fire  box  boiler,  especially  a  loco- 
motive boiler,  is  a  very  diflBcult  one  and  has  taxed  the 
inventive  genius  of  some  of  the  most  eminent  engineers. 

Before  the  invention  of  the  Belpaire  boiler,  with  its 
outside,  or  shell  plate  flat  above  the  fire  box,  the  only 
method  of  staying  the  crown  sheet  was  by  the  use  of 
cumbersome  crown  bars  or  double  girders  extending 
across  the  top  of  the  crown  sheet  and  supported  at  the 
ends  by  special  castings  that  rest  on  the  edges  of  the 
side  sheets  and  on  the  flange  of  the  crown  sheet.  At  in- 
tervals of  4  or  5  in.  crown  bolts  are  placed,  having  the 
head  inside  the  fire  box  and  the  nut  bearing  on  a  plate 
on  top  of  the  gird'er.  There  is  also  a  thimble  for  each 
bolt-  to  pass  through,  between  the  top  of  the  crown  sheet 
and  the  girder.  These  thimbles  maintain  the  proper  dis- 
tance between  the  crown  sheet  and  girder  and  allow  the 
water  to  circulate  freely. 

The  Belpaire  fire  box  dispenses  with  girders,  and  per- 
mits the  use  of  through  stays  from  the  top  of  the  flat 
outside  plate  through  the  crown  sh'eet  and  secured  at 
each  end  by  nuts  and  copper  washers. 

For  simplicity  of  construction  and  great  strength  the 
cylindrical  form  of  fire  box  known  as  the  Morison  cor- 
rugated fumaiee  has  proved  to  be  very  successful.  This 
form  of  fire  box  was  in  1899  applied  to  a  locomotive  by 
Mr.  Cornelius  Vanderbilt,  at  the  time  assistant  super- 
intendent of  motive  power  of  the  New  York  Central  & 
Hudson  River  R.  R.  This  furnace  was  rolled  of  %-in. 
steel,  is  59  in.  internal  diameter  and  11  ft.  2i/4  in.  in 
length.  It  was  tested  under  an  external  pressure  of  500 
lbs.  per  sq.  in.  before  being  placed  in  the  boiler.  It  is 
carried  at  the  front  end  by  a  row  of  radial  sling  stays 
from  the  outside  plate,  and  supported  at  the  rear  by  the 
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back  head.  Figs  33  and  34  show  respectively  a  sectional 
view,  and  an  end  elevation  of  this  boiler.  It  will  be  seen 
at  once  that  the  question  of  stays  for  a  fire  box  of  this 
type  becomes  very  simple.  The  boiler  has  proved  to  be 
so  satisfactory  that  the  company  has  since  had  five  more 
of  the  same  type  constructed. 


^       Did  Pevotiow. 


t-IX   \ 


Fig.  34. 


Gusset  stays  are  used  mainly  in  boilers  of  the  Lan- 
cashire model,  and  are  triangular-shaped  plate»  sheared 
•to  the  proper  form  and  having  two  angle  irons  riveted 
to  the  edges  that  come  against  the  shell  and  the  head. 
The  angle  irons  are  then  riveted  to  the  shell  and  the  flat 
head.  This  form  of  brace  is  simple  and  solid,  but  its 
^hief  defect  is,  that  it  is  very  rigid  and  does  not  allow 
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for  the  unequal  expansion  of  the  internal  furnace  flues 
and  the  shell.  Fig.  35  illustrates  a  gusset  stay  and  the 
method  of  applying  it. 

Coming  now  to  through  stay  rods,  it  is  safe  to  say 
that  whenever,  and  wherever  it  is  possible  to  apply  them 
they  should  be  used.  In  all  cases  they  should  be  placed 
far  enough  apart  to  allow  a  man  to  pass  between  them 
for  the  purposes  of  inspection  and  washing  out  of  the 
boiler.     Through  stay  rods  are  usually  spaced  14  in. 


Fig.  35. 

apart  horizontally,  and  about  the  same  distance  verti- 
cally. The  ends,  a*s  far  back  as  the  threads  run,  are 
swaged  larger  than  the  body,  so  that  the  diameter  at  tlio 
bottom  of  the  thread  is  greater  than  the  diameter  of  the 
body.  There  are  several  methods  of  applying  through 
stays.  One  of  the  most  common,  especially  for  land 
boilers,  is  to  allow  the  ends  of  the  rod  to  project  through 
the  plates  to  be  stayed,  and  holding  them  in  place  by  a 
nut  and  copper  washer,  both  inside  and  outside  the  plate. 
Another  and  still  better  plan  is  to  rivet  6-in.  channel 
bars  across  the  head,  inside  above  the  tubes,  the  numbc^r 
of  bars  depending  upon  the  height  of  the  segment  to  be 
stayed. 

The  channel  bars  are  drilled  to  correspond  with  the 
holes  that  are  drilled  in  the  plate  to  receive  the  stay  rods, 
which  latter  are  then  secured  by  in.side  and  outside  nuts 
and  copper  washers.    These  channel  bars  act  as  girders, 
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and  serve  to  greatly  streiigth»^n  the  head  or  flat  plate. 
Pig.  36  will  serve  to  illustrate  this  method. 


Pig.  36. 

Scmetimes  a  combination  of  channel  bar  and  diagonal 
crow  foot  braces  is  used,  as  shown  by  Fig.  37. 


Fig.   37. 


A  good  form  of  diagonal  crow  foot  stay  is  obtained  by 
using  double  crow  feet,  made  of  pieces  of  boiler  plate 
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bent  as  shown  by  Fig.  38  and  riveted  to  the  plate  by 
four  rivets.  A  hole  is  drilled  through  the  body  of  the 
crow  foot,  and  a  bolt  passing  through  this  secures  the 
forked  end  of  the  stay. 


Pig,  38. 

Another  method  of  securing  through  stays  to  the  heads 
is  shown  by  Fig.  39  and  is  applied  where  too  many  stay 


rods  would  be  required  to  connect  all  the  points  to  be 
stayed.  A  tee  iron  is  first  riveted  to  the  flat  plate  to  be 
stayed,  and  two  V^haped  forgings  are  bolted  to  it  as 
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shown.  The  through  stay  is  then  bolted  to  the  forgings, 
and  thus  two  points  in  the  flat  head  are  supported  by  one 
stay.  It  will  readily  be  seen  that  this  method  will  re- 
duce the  number  of  through  stay  rods  required. 

Calculating  the  Strength  of  Stayed  Surfaces.  In  cal- 
culations for  ascertaining  the  strength  of  stayed  sur- 
faces, or  for  finding  the  number  of  stays  required  for 
any  given  flat  surface  in  a  boiler,  the  working  pressure 
being  known,  it  must  be  remembered  that  each  stay 
is  subjected  to  the  pressure  on  an  area  bounded  by 
lines  drawn  midJway  between  it  and  its  neighbors. 
Therefore  the  area  in  square  inches,  of  the  surface  to 
be  supported  by  each  stay,  equals  the  square  of  the 
pitch  or  distance  in  inches  betweeuf  centers  of  the 
points  of  connection  of  the  stays  to  the  flat  plate. 
Thus,  suppose  the  stays  in  a  certain  boiler  are  spaced 
8  in.  apart,  the  area  sustained  by  each  stay=8X8= 
64  sq.  in.,  or  assume  the  stay  bolts  in  a  locomotive  fire 
box  to  be  pitched  4i/^  in.  each  way,  the  area  sup- 
ported by  each  stay  bolt=4i^X 4^/^=2014  sq.  in.  Again 
taking  through  stay  rods,  suppose,  for  example,  the 
through  stays  shown  in  Pig  36  to  be  spaced  15  in.  hori- 
zontally and  14  in.  vertically,  the  area  supported  by  each 
fitay^ioX  14=210  sq.  in. 

The  minimum  factor  of  safety  for  stays,  stay  bolts  and 
braces  is  8,  and  this  factor  should  enter  into  all  computa- 
tions of  the  strength  of  stayed  surfaces. 

The  pitch  for  stays  depends  upon  the  thickness  of  the 
plate  to  be  supported,  and  the  maximum  pressure  to  be 
carried. 

In  computing  the  total  area  of  the  stayed  surface  it 
is  safe  to  assume  that  the  flange  of  the  plate,  where  it 
\^  riveted  to  the  shell,  sufficiently  strengthens  the  plate 
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for  a  distance  of  2  in.  from  the  shell,  also  that  the  tubes 
act  as  steys  for  a  space  of  2  in.  above  the  top  row. 
Therefore  the  area  of  that  portion  of  the  flat  head  or 
plate  bounded  by  an  imaginary  line  drawn  at  a  dis- 
tance of  2  in.  from  the  shell  and  the  same  distance  from 
the  last  row  of  tubes  is  the  area  to  be  stayed.  This  sur- 
face may  be  in  the  form  of  a  seg:ment  of  a  circle,  as 
with  a  horizontal  cylindrical  boiler,  or  it  may  be  rectan- 
gular, in  shape,  as  in  the  case  of  a  locomotive,  or  other 
fire  box  boiler.  Other  forms  of  stayed  surfaces  are  often 
encountered,  but  in*  general  the  rules  applicable  to  seg- 
ments or  rectangular  figures  will  suflSce  for  ascertaining 
the  areas. 

The  method  of  finding  the  area  of  the  segmental  por- 
tion of  the  head  above  the  tubes  is  as  follows,  using  Ta- 
ble 9.  The  diameter  of  the  circle  and  the  rise  or  height 
of  the  segment  being  known,  the  area  of  the  segment  may 
be  found  by  the  following  rule : 

Uule,  Divide  the  height  of  the  segment  by  the  diam- 
eter of  the  circle.  Then  find  the  decimal  opposite  this 
ratio  in  the  column  headed  **Area.''  Multiply  this  area 
by  the  square  of  the  diameter.  The  result  is  the  required 
area. 

Example.  Diameter  of  circle=^72  in.  Height  of  seg- 
mcnt^=25  in.  25  t  72^=.347,  which  will  be  found  in  the 
ccliimn  headed  **Katio,"  and  the  area  opposite  this  is 
.24212.  Then  .24212X72X72=1,255  sq.  in.,  area  of 
segment. 
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TABLE  9. 

AREAS  OF  SEGMENTS  OF  A  CffiCLE. 


Rat:c 

Area 

Ratio 

Area 

Ratio 

Area 

Ratio 

Area 

.2 

.11182 

.243 

.14751 

.286 

.18542 

.329 

.22509 

.201 

.11262 

.244 

.14837 

.287 

.18633 

.33 

.22603 

.202 

.11343 

.245 

.14923 

.288 

.18723 

.331 

.22697 

.203 

.11423 

.246 

.15009 

.289 

.18814 

.332 

.22792 

.204 

.11504 

.247 

.15095 

.29 

.18905 

.333 

.22886 

.205 

.11584 

.248 

.15182 

.291 

-.18996 

.334 

.22980 

.206 

.11665 

.249 

.15268 

.292 

.19086 

.335 

.23074 

.207 

.11746 

.25 

.15355 

.293 

.10177 

.336 

.23169 

.208 

.11827 

.251 

.15441 

.294 

.19268 

.337 

.23263 

.209 

.11908 

.252 

.15528 

.295 

.19360 

.338 

.23358 

.21 

.11990 

.253 

.15615 

.296 

.19451 

.339 

.23453 

.211 

.12071 

.254 

.15702 

.297 

.19542 

.34 

.23547 

.212 

.12153 

.255 

.15789 

.298 

.19634 

.341 

.23642 

.213 

.12235 

.256 

.15876 

.299 

.19725 

.342 

.23737 

.214 

.12317 

.257 

.15964 

.3 

.19817 

.343 

.23882 

.215 

.12399 

.258 

.16051 

.301 

.19908 

.344 

.23927 

.216 

.12481 

.259 

.16139 

.302 

.20000 

.345 

.24022 

.217 

.12563 

.26 

.10226 

.303 

.20092 

.346 

.24117 

.218 

.12646 

.261 

.16314 

.304 

.20184 

.347 

.24212 

.219 

.12729 

.262 

.16402 

.305 

.20276 

.348 

.24307 

.22 

.12811 

.263 

.16490 

.306 

.20368 

.349 

.24403 

.221 

.12894 

.264 

.10578 

.307 

.20460 

.35 

.24498 

.222 

.12977 

.265 

.10666 

.308 

.20553 

.351 

.24593 

.223 

.13060 

.266 

.16755 

.309 

.20645 

.352 

.24689 

.224 

.13144 

.267 

.10843 

.31 

.20738 

.353 

.24784 

.226 

.13227 

.268 

.16932 

.311 

.20830 

.354 

.24880 

.226 

.13311 

.269 

.17020 

.312 

.20923 

.355 

.24976 

.227 

.13395 

.27 

.17109 

.313 

.21015 

.356 

.25071 

.228 

.13478 

.271 

.17198 

.314 

.21108 

.357 

.25167 

.229 

.13562 

.272 

.17287 

.315 

.21201 

.358 

.25263 

.23 

.13646 

.273 

.17376 

.316 

.21294 

.359 

.25359 

.231 

.13731 

.274 

.17465 

.317 

.21387 

.36 

.25455 

.232 

.13815 

.275 

.17554 

.318 

.21480 

.361 

.25551 

.233 

.13900 

.276 

.17644 

.319 

.21573 

.362 

.25647 

.234 

.13984 

.277 

.17733 

.32 

.21667 

.363 

.25743 

.235 

.14069 

.278 

.17823 

.321 

.21760 

.364 

.25839 

.236 

.14154 

.279 

.17912 

.322 

.21853 

.365 

.25936 

.237 

.14239 

.280 

.18002 

.323 

.21947 

.366 

.26032 

.238 

.14324 

.281 

.18092 

.324 

.22040 

.367 

.26128 

.239 

.14409 

.282 

.18182 

.325 

.22134 

.368 

.26225 

.24 

.14494 

.283 

.18272 

.326 

.22228 

.369 

.26321 

.241 

14580 

.284 

.18362 

.327 

.22322 

.37 

.26418 

.242 

.14666 

.285 

.18452 

.328 

.22415 

.371 

.26514 
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TABLE  9— Continued. 


Ratio 

Aroa 

BAtio 

Area 

Ratio 

Area 

Ratio 

Area 

.372 

.26611 

.405 

.29827 

.438 

.33086 

.471 

.36373 

.373 

.26708 

.406 

.29926 

.439 

.33185 

.472 

.36471 

.374 

.26805 

.407 

.30024 

.44 

.33284 

.473 

.36571 

.375 

.26901 

.408 

.30122 

.441 

.33384 

.474 

.36671 

.376 

.26998 

.409 

.30220 

.442 

.33483 

.476 

.36771 

.377 

.27095 

.41 

.30319 

.443 

.33582 

.476 

.26871 

.378 

.27192 

.411 

.30417 

.444 

.33682 

.477 

.36971 

.379 

.27289 

.412 

.30516 

.445 

.33781 

.478 

.37071 

.38 

.27386 

.413 

.30614 

.446 

.33880 

.479 

.37171 

.381 

.27483 

.414 

.30712 

.447 

.33980 

.48 

.37270 

.382 

.27580 

.415 

.30811 

.448 

.34079 

.481 

.37370 

.383 

.27678 

.416 

.30910 

.449 

.34179 

.482 

.37470 

.384 

.27775 

.417 

.31008 

.45 

.34278 

.483 

.37570 

•385 

.27872 

.418 

.31107 

.451 

.34378 

.484 

.37670 

.386 

'  .27969 

.419 

.31205 

.452 

.34477 

.485 

.37770 

.387 

.28067 

.42 

.31304 

.453 

.34577 

.486 

.37870 

.388 

.28164 

.421 

.31403 

.454 

.34676 

.487 

.37970 

.389 

.28262 

.422 

.31502 

.455 

.34776 

.488 

.38070 

.39 

.28359 

.423 

.31600 

.456 

.34876 

.489 

.38170 

.391 

.28457 

.424 

.31699 

.457 

.34975 

.49 

.38270 

•392 

.28554 

.425 

.31798 

.458 

.35075 

.491 

.38370 

.393 

.28652 

.426 

.31897 

.459 

.35175 

.492 

.38470 

•394 

.28750 

.427 

.31996 

.46 

.35274 

.493 

.38570 

.395 

.28848 

.428 

.32095 

.461 

.35374 

.494 

.38670 

.396 

.28945 

.429 

.32194 

.462 

.35474 

.495 

.38770 

.397 

.29043 

.43 

.32293 

.463 

.35573 

.496 

.38870 

.398 

.29141 

.431 

.32392 

.464 

.35673 

.497 

.38970 

•399 

.29239 

.432 

.32941 

.465 

.35773 

.498 

.39070 

4 

.29337 

.433 

.32590 

.466 

.35873 

.499 

.39170 

.401 

.29435 

.434 

.32689 

.467 

.35972 

.5 

.39270 

•402 

.29533 

.435 

.32788 

.468 

.36072 

.403 

.29631 

.436 

.32887 

.469 

.36172 

.404 

.29729 

.437 

.32987 

.47 

.36272 

The  following  examples  of  calculating  the  number  of 
braces,  and  the  spacing  of  the  same  will  serve  to  make 
the  matter  plain. 

A  boiler  is  66  in.  in  diameter,  the  working  pressure 
is  100  lbs.  per  sq.  in.  The  distance  from  the  top  row  of 
tubes  to  the  shell  is  25  in.     Required,  the  number  of 
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diagonal  crow  foot  braces  that  will  be  needfed  to  support 
the  heads  above  the  tubes,  also  the  sectional  area  of 
each  brace.  The  thickness  of  the  heads  is  %  in.  and 
the  T.S.=55,000  lbs.  per  sq.  in. 

Assiune  the  head  to  be  sufficiently  strengthened  by 
the  flange  for  a  distance  of  2  ia.  from  the  shell,  the 
diameter  of  the  circle  of  which  the  segment  above  the 
tubes  requires  to  be  stayed  is  reduced  by  2+2=4  in. 
and  will  therefore  be  66 — 4=62  in.  The  rise  or  height  of 
the  segment  above  the  tubes  is  25 — 4=21  in.  Required, 
the  area.  21-r-62=.338.  Looking  down  the  column 
headed** Ratio"  in  Table  9,  area  opposite  .338  is  .23358. 
Area  of  segment=.23358x62x62=897.88  sq.  in.  The 
total  pressure  on  this  area  will  be  897.88X10(>=89,788 
lbs. 

Assume  the  braces  to  be  made  of  lYg  in.  round  steel 
having  a  T.S.  of  50,000  lbs.  per  sq.  in,  and  to  be  de- 
signed in  such  a  manner  as  to  allow  for  loss  of  material 
in  drilling  the  rivet  holes  in  the  crow  feet.  Each  brace 
will  have  a  sectional  area  of  .994  sq.  in.,  and  using  8  as 
a  factor  of  safety,  the  strength  or  safe  holding  power 
of  each  stay  may  be  found  as  follows:  .994X50,000-^8 
=6,212  lbs.,  and  the  number  of  stays  required^=89,788 
lbs.  (total  pressure)  divided  by  6,212  lbs.  (strength  of 
each  stay)=14.5,  or  in  round  num'bers  15.  If  the  stays 
are  made  of  flat  bars  of  steel  the  sectional  area  should 
equal  that  of  the  round  stays,  and  the  dimensions  of  the 
crow  feet  of  all  stays  should  be  such  as  to  retain  the  full 
sectional  area  of  the  body  after  the  rivet  holes  are  drilled. 

Each  stay  is  connected  to  the  plate  by  two  %-in. 
rivets,  having  a  T.S.  of  55,000  lbs.  per  sq.  in.  and  a  shear- 
ing strength  of  45,000  lbs.  per  sq.  in.  These  rivets  are 
capable  of  resisting  a  direct  pull  of  10,818  lbs.,  using  5 


78  POWER  STATIONS 

as  a  factor  of  safety ;  ascertained  as  follows :  2A  X  45,000 
-f- 5  =  10,818  =  strength,  of  two  riveta  They  are  also 
subjected  to  a  crushing  strain,  and  the  resistance  to 
this  is  D  X  C  -f-  5,  which  expressed  in  figures  is  .875  X 
90,000-^5  =  15,750  lbs. 

The  proper  spacing  comes  next,  and  is  arrived  at  in 
the  following  manner: 

Area  to  be  stayed  =  897.88  sq.  in. 

Number  of  stays  =  15. 

Area  supported  by  each  stay  =:  897.88  -5-  15  =  59.8 
SCI.  io- 

The  square  root  of  59.8  ==7.75  nearly,  which  is  the 
distance  in  inches  each  waty  that  the  stays  should  be 
spaced,  center  to  center. 

If  through  stay  rods  are  used  in  place  of  diagonal 
braces  for  staying  the  boiler  under  consideration,  the 
number  and  diameter  of  the  rods  may  be  ascertained 
by  the  following  method': 

Assuming  the  heads  to  be  supported'  by  channel  bars, 
as  previously  described,  and  that  the  stays  are  pitched 
14  in.  apart  horizontally  and  13  in.  vertically,  each  stay 
would  be  required  to  support  an  area  of  14  X  13  =  182 
sq.  in.,  and  the  number  of  stays  would  be  897.88  -f- 182  = 
4.9,  in  round  numbers  5.  See  Fig.  36.  The  pressure 
being  100  lbs.  per  sq.  in.,  the  total  stress  on  each  stay  = 
182  X  100  =  18,200  lbs.  Assume  the  stay  rods  to  be  of 
soft  steel  having  a  T.S.  of  50,000  lbs.  per  sq.  in.,  and  us- 
ing a  factor  of  safety  of  8,  the  sectional  area  required 
for  each  stay  will  be  found  as  follows:  18,200  X  8->- 
50,000=2.9  sq.  in.,  and  the  diameter  will  be  found  as 
follows:  2.9  --  .7854  =  3.69,  which  is  the  square  of  the 
diameter,  and  the  square  root  of  3.69  =  1.9  in.,  or  prac- 
tically 2  in^    The  same  methods  of  calculation  are  ap- 
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plicable  to  the  staying  of  the  heads  below  the  tubes,  also 
for  stay  bolts  in  fire  box  boilers. 

Strength  of  Unstayed  Surfaces,  A  simple  rule  for 
finding  the  bursting  pressure  of  unstayed  flat  surfaces 
is  that  of  Mr.  Nichols,  published  in  the  ** Locomotive," 
February,  1890,  and  quoted  by  Prof.  Kent  in  his  **  Pock- 
et-book.'* The  rule  is  as  follows:  ** Multiply  the  thick- 
Deas  of  the  plate  in  inches  by  ten  tim^s  the  tensile 
strength  of  the  material  used,  and  divide  the  product 
by  the  area  of  the  head  in  square  inches."    Thus, 

Diameter  of  head  =  66  in. 
Thickness  of  head  =  %  in. 
Tensile  strength  =  55,000  lbs. 
Area  of  head  =3,421  sq.  in. 

%  X  55,000  X  10  -T-3,421  ==  100,  which  is  the  number 
of  poundis  pressure  per  square  inch  under  which  the 
unstayed  head  would  bulge. 

If  we  use  a  factor  of  safety  of  8,  the  safe  working 
pressure  would  be  100-^-8  =  12.5  lbs.  per  sq.  in.,  but 
as  the  strength  of  the  unstayed  head  is  at  best  an  un- 
certain quantity  it  has  not  been  considered  in  the  fore- 
going calculations  for  bracing,  except  as  regards  that 
portion  of  it  that  is  strengthened  by  the  flange. 

In  all  calculations  for  the  strength  of  stayed  sur- 
faces, and  especially  where  diagonal  crow  foot  stays  are 
used,  the  strength  of  the  rivets  connecting  the  stay  to 
the  flat  plate  must  be  carefully  considered.  A  large 
factor  of  safety,  never  less. than  8,  should  be  used,  and 
the  cross  section  of  that  portion  of  the  foot  of  the  stay 
through  which  the  rivet  holes  are  drilled  should  be 
large  enough,  after  deducting  the  diameter  of  the  hole, 
to  equal  the  sectional  area  of  the  body  of  the  stajr. 
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Dished  Heads.  In  boiler  work  where  it  is  poeedble  to 
use  dished,  or  ** bumped  up*'  heads  as  they  are  some- 
times called,  this  type  of  head  is  rapidly  coming  into 
use.  Dished  heads  n^ay  be  used  in  the  construction  of 
steam  drums,  also  in  many  cases  for  dome-covers,  thus 
obviating  the  necessity  of  bracing.  The  maximum  depth 
of  dish,  as  adopted  by  steel  plate  manufacturers  April 
4,  1901,  is  14  of  the  diameter  of  the  head  when  flanged, 
and  if  the  tensile  strength  and  quality  of  the  plate  from 
which  the  heads  are  made  are  the  same  as  those  of  the 
shell  plate,  the  dished  head  becomes  as  strong  as  the 
shell,  provided  the  head  has  the  same  thickness,  or  is 
slightly  thicker  than  the  shell  plate. 

Welded  Seams.  A  few  boiler  manufacturers  have 
succeeded  in  making  welded  seams,  thus  dispensing 
with  the  time-honored  custom  of  riveting  the  plates  to- 
gether. A  good  welded  joint  a-pproaehes  more  nearly 
to  the  full  strength  of  the  material  than  can  possibly 
be  attained  by  rivets,  no  matter  how  correctly  designed 
the  riveted  joint  may  be.  The  weld  also  dispenses  with 
the  necessity  of  caulking,  and/  a  boiler  having  a  per- 
fectly smooth  surface  insid<e,  such  as  would  be  afforded 
by  welded  seams,  would  certainly  be  much  less  liable  to 
collect  scale  and  sediment  than  would  one  with  riveted 
joints.  But  in  order  to  make  a  success  of  welded  seams 
the  material  used  must  be  of  the  best  possible  quality, 
and  great  care  and  skill  are  required  in  the  work. 

The  Continental  Iron  Works  of  Brooklyn,  New  York, 
exhibited  at  the  St.  Louis  World's  Fair  in  1904,  a  welded 
steel  plate  soda  pulp  digester  without  a  single  riveted 
joint.  The  dimensions  of  this  vessel,  which  may  be 
likened  to  a  cylinder  boiler  without  flues,  were  as  fol- 
lows:   Thickness    of   plate,    %    in.;    diameter,    9    ft.; 
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length,  43  ft.  The  heads  were  dished  to  the  standard 
depth.  The  safe  working  pressure  was  125  lbs.  per  sq. 
in.  It  appears  not  only  possible,  but  probable,  that  the 
process  of  welding  boiler  joints  may  in  time  supplant 
the  older  custom  of  riveting. 


'     QUESTIONS. 

46.  What  principles  should  govern  the  design  and 
construction  of  steam  boilers  ? 

Ans.  First :  They  should  be  absolutely  safe.  Second : 
They  should  be  economical  in  the  consumption  of  fuel. 
Third :  They  should  be  capable  of  furnishing  dry  steam. 

47.  What  is  meant  by  the  term  tensite  strength  as 
applied  to  boiler  material? 

Ans.  The  number  of  pounds  of  pull  that  would  be 
required  to  break  a  bar  of  the  material  in  the  direction 
of  its  length. 

48.  What  is  liable  to  occur  in  case  the  tensile  strength 
is  too  high? 

Ans.  Cracking  of  the  sheets,  also  certain  changes  in 
the  physical  properties  of  the  metal. 

49.  Which  are  the  stronger,  punched  or  drilled 
plates? 

Ans.  If  the  material  is  good  soft  steel,  punched 
plates  show  a  greater  shearing  resistance. 

50.  What  should  be  the  tensile  strength  of  rivet 
iron? 

Ans.    About  60,000  lbs.  per  sq.  in. 

51.  What  is  a  good  test  for  a  %-in.  rivet? 

A71S.  It  should  stand  being  doubled  up  and  hammered 
together  without  being  fractured. 

52.  What  is  the  shearing  resistance  of  iron  rivets? 
Ans.   About  85  per  cent  of  the  original  bar. 

53.  What  IS  the  shearing  resistance  of  steel  rivets? 
Ans.     77  per  cent  of  the  original  bar. 

82 
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54.  What  is  meant  by  efficiency  of  the  joint? 

Ans.    The  percentage  of  strength  of  the  solid  plate, 
that  is  retained  in  the  joint. 

55.  What  should  be  the  style  of  joint  with  sheets 
thicker  than  ^/^  in.? 

Ans,    It  should  be  a  double  butt  joint. 

56.  What  should  be  the  ratio  of  diameter  of  rivet  to 
thickness  of  plate  for  doubte  butt  joints? 

Ans,     The  diameter  of  the  rivet  should  be  j^bout  1.8 
times  the  thickness  of  sheet? 

57.  What  should  be  the  pitch  of  rivets? 

Ans,    Three  and  one-half  to  four  times  the  diameter 
of  the  hole. 

58.  Describe  the  triple  riveted  butt  joint. 

Ans.     It  has  two  welts  or  straps,  one  inside,  and  one 
outside. 

59.  Is  this  a  good  form  of  joint? 
Ans.    It  is. 

60.  What  type  of  joint  gives  the  highest  efficiency  ? 
Ans.     A  joint  in  which  the  tensile  strength  of  the 

rods  from  which  the  rivets  are  cut  approaches  that  of 
the  plates,  and  when  the  proportions  of  the  joint  are 
such,  that  the  tensile  strength  of  the  rivets,  and  the 
crushing  resistance  of  the  rivets  and  plate,  for  a  given, 
or  unit  strip,  are  as  nearly  equal  as  it  is  possible  to 
make  them. 

61.  In  bow  many  ways  may  failure  occur  in  a  double 
riveted  butt  joint? 

Ans.    In  five  distinct  ways. 

62.  Name  the  first  manner  of  failure. 

Ans,    Tearing  of  the  plate  at  outer  row  of  rivets. 

63.  What  is  the  second? 

Ans,    Shearing  two  rivets  in  double  shear,  and  one  in 
single  shear. 
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64.  What  is  the  third  manmer  of  failure? 

Ans.  Tearing  of  th«  plate  at  inner  row  of  rivets,  and 
shearing  one  rivet  in  the  outer  row. 

65.  Describe  the  fourth  method  of  failure? 
Ans.     Crushing  in  front  of  three  rivets. 

66.  WbAt  is  the  fifth  manner  of  failure? 

Ans.  Crushing  in  front  of  two  rivets,  and  Shearing 
one. 

67.  How  may  a  triple  riveted  butt  joint  fail? 

Ans.  First:  By  tearing  the  plate  at  the  outer  row 
of  rivets.  Second:  By  shearing  four  rivets  in  double 
shear,  and  one  in  single  shear.  Third :  Rupture  of  the 
plate  at  the  middle  row  of  rivets,  and  shearing  one  rivet. 
Fourth:  Crus^hing  in  front  of  four  rivets,  and  shear- 
ing one  rivet. 

68.  What  is  the  efficiency  of  the  quadruple  riveted 
butt  joint? 

Ans.    In  some  cases  as  high  as  94  per  cent. 

69.  In  what  four  ways  may  failure  occur  in  this  type 
of  joint  ? 

Ans.  First:  By  tearing  the  plate  at  the  outer  row 
of  rivets.  Second.:  By  shearing  eight  rivets  in  double 
shear,  and  three  in  single  shear.  Third:  By  tearing  at 
inner  row  of  rivets,  and  shearing  three  rivets.  Fourth : 
By  tearing  at  firet  outer  row  of  rivets  where  the  pitch 
is  7l^  in. 

70.  What  is  implied  in  the  staj'ing  of  a  flat  surface? 
Ans.    Holding  it  against  pressure  at  a  series  of  isolated 

ix)ints,  which  are  arranged  in  symmetrical  order. 

71.  Does  the  cylindrical  shell  of  a  boiler  need  brac- 
ing? 

Ans,    No. 

72.  Why  is  this? 
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Alls.  Because  the  internal  pressure  tends  to  keep  it 
cylindrical. 

73.  How  are  the  heads  sometimes  stayed? 

Ans,  By  through  stay  rods  of  soft  steel,  or  iron  I14 
or  2  in.  in  diameter  extending  through  from  h^ad  to 
heai 

74.  What  ad-vantage  has  this  form  of  stays! 
Ans.     The  pull  is  at  right  angles  to  the  plate. 

75.  What  other  methods  of  bracing  the  heads  of  high 
pressure  boilers  are  used  ? 

Ans.    Gusset  stays,  and  dished  heads. 

76.  What  is  the  minimum  factor  of  safety  for  stays, 
and  braces? 

Ans,     Eight. 

77.  Give  a  simple  rule  for  finding  the  bursting 
pressure  of  unstayed  flat  surfaces? 

Arts.  Multiply  the  thickness  of  the  plate  in  inches  by 
ten  times  the  tensile  strength  and  divide  the  product  by 
the  area  of  the  surface  in  square  inches. 


CARE  AND  OPERATION  OF  BOILERS. 

Duties,  The  first  act  of  the  engineer  on  entering  his 
boiler-room  when  he  goes  on  duty  should  be  to  ascertadn 
the  exact  height  of  the  water  in  his  boilers.  This  he  can 
do  by  opening  the  valve  in  the  drain  pipe  of  the  water 
column,  allowing  it  to  blow  out  freely  for  a  few  seconds, 
then  close  it  tight  and  allow  the  water  to  settle  back 
in  the  glass.  This  should  be  done  with  each  boiler  under 
steam,  not  only  once,  but  several  times  dniring  the  day. 
No  engineer  should  be  satisfied  with  a  general  squint 
along  the  line  of  gauge  glasses,  but  he  should  either  go 
himself,  or  else  instruct  his  fireman,  or  water  tender  to 
make  the  rounds  of  each  boiler  and  be  sure  that  the 
water  is  all  right. 

Thie  instructions  regarding  the  cleaning  of  fires,  and 
firing,  refer  particularly  to  hand  fired  boilers.  Mechani- 
cal stokers  will  be  taken  up  in  their  regular  order. 

The  next  thing  to  be  looked  after  is  the  fire.  If  the 
plant  is  run  continuously  day  and  night  it  is  the  duty 
of  the  firemen  coming  off  watch  to  have  the  fires  clean, 
the  ash  pits  all  cleaned  out,  a  good  supply  of  coal  on  the 
floor,  and  ever>'thing  in  good  order  for  the  oncoming 
force.  A  good  fireman  will  take  pride  in  always  leav- 
ing things  in  neat  shape  for  the  man  who  is  to  relieve 
him. 

Cleaning  Fires,  With  some  varieties  of  coal  this  is  a 
comparatively  easy  task,  especially  if  the  boilers  are 
fitted  with  shaking  grates.  With  a  coal  that  does  not 
form  a  clinker  on  the  grate  bars,  the  fires  can  be  kept 
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in  good  condition  by  cleaning  them  twice  or  three  tim€S 
in  twenty-four  hours,  as  the  larger  part  of  the  loose 
ashes  and  noncombusftible  can  be  gotten  rid  of  by  shak- 
ing the  grates  and  using  the  slice  bar  at  intervals  more 
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or  less  frequent ;  but  such  coals  are  generally  considered 
too  expensive  to  use  in  the  ordinary  manufacturing 
plant,  and  cheaper  grades  are  substituted. 

Fire    Tools.     For    cleaning    fires    successfully    and 
quickly,  the  following  tools  should  be  provided ;  a  slice 
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bar,  a  fire  hook,  a  heavy  iron  or  steel  hoe,  and  a  light 
hoe  for  cleaning  the  ash-pit.  It  is  unnecessary  to  de- 
scribe these  tools,  as  they  are  familiar  to  all  engineers. 
A  suggestion  as  to  the  kind  of  handles  with  which  they 
should  be  fitted  may  be  of  benefit.  The  working  end& 
of  the  aforesaid  tools  having  been  made  and  each  welded 
to  a  bar  of  1  or  li/^  in.  round  iron  and  10  or  12  in.  long, 
take  pieces  of  1  or  1^4  ^^'  iron  pipe  cut  to  the  length 
desired  for  the  handles  and  weld  the  6?hanks  of  the 
took  to  them.  To  the  other  end  of  the  pipe  weld  a  han- 
dle made  of  round  iron  somewhat  smaller  than  the 
shank.  By  using  pipe  handles  the  weight  of  the  tools 
is  considerably  lessened,  and  they  will  still  be  sufficiently 
strong.  The  labor  of  cleaning  the  fire  will  thus  be 
greatly  lightened.  When  a  fire  shows  signs  of  being 
foul  and  choked  with  clinker,  preparations  should  be 
made  at  once  for  cleaning  it  by  allow^ng  one  sid<e  to  burn 
down  as  low  as  possible,  putting  fresh  coal  on  the  other 
side  alone.  When  the  first  side  has  burned  as  low  as  it 
can  without  danger  of  letting  the  steam  pressure  fall 
too  much,  take  the  slice  bar  and  run  it  in  along  the 
side  of  the  furnace  on  top  of  the  clinker  and  back  to 
near  the  bridge  wall,  then  using  the  door  jamb  as  a 
fulcrum,  give  it  a  quick  strong  sweep  across  the  fire 
and  the  greater  part  of  the  live  coals  will  be  pushed 
over  to  the  other  side.  What  remains  of  the  coal  not 
yet  consumed  can  be  pulled  out  upon  the  floor  with  the 
light  hoe  and  shoveled  to  one  side,  to  be  thrown  back 
into  the  furnace  after  the  clinker  is  taken  out.  Having 
now  disposed  of  the  live  coal,  take  the  slice  bar  and 
run  it  along  on  top  of  the  grates,  loosening  and  break- 
ing up  the  clinker  thoroughly,  after  which  take  the 
heavy  hoe  and  pull  it  all  out  on  the  floor.     A  helper 
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should  be  ready  with  a  pail  of  water,  or,  what  is  still 
better,  a  small  rubber  hose  connected  to  a  cold  water 
pipe  running  along  the  boiler  fronts  for  this  purpose,, 
and  put  on  just  enough  water  to  quench  the  intense 
h?at  of  the  red  hot  clinker  as  it  lies  on  the  floor;  When 
the  grates  are  cleaned,  clooe  the  door,  and  with  the  slice 


Fig.  41.     Martin  Anti-Friction  Rocking  Grates. 

bar  in  the  other  side  push  all  the  live  coal  over  to  the 
side  just  cleaned,  where  it  should  be  leveled  off  and 
fresh  coal  added.  After  this  has  become  ignited,  treat 
the  other  side  in  the  same  way.  An  expert  fireman  will 
thus  clean  a  fire  with  very  little  loss  in  steam  pressure, 
and  practically  no  waste  of  coal. 


DISPOSAL  OF  THE  ASHES. 


The  problem  of  disposing  of  the  ashes  in  large  power 
plants  is  quite  a  serious  one,  and  any  device  that  tends 
to  lessen  the  cost  of  labor,  and  shorten  the  time  con- 
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.coined  in  conveying  the  ashes  from  the  boiler  room  cer- 
tainly merits  the  attention  of  chief  en-gineers. 

The  suction  conveyor  ^'stem  of  the  Darley  Engineer- 
ing Company,  Chicago,  a  general  view  of  which  is  shown 
in  Fig.  42,  consists  essentially  of  four  parts,  as  follows: 

1.  Conveyor  Pipe.  3.     Exhauster. 

2.  Separator.  4.     Water  Jet. 

The  conveyor  pipe  line  is  made  in  three  sizes  and 
capacities,  namely,  6",  S"  and  10",  of  iron  or  s»teel  pipe. 
The  conveyor  pipe,  as  far  as  possible,  is  run  in  straight 
lines.  It  is  generally  placed  beneath  the  surface,  but 
can  be  elevated  or  run  anywhere  to  suit  conditions. 

The  separator,  which  is  in  reality  an  expansion  cham- 
ter,  also  serves  as  a  storage  tank  for  storing  the  conveyed 
material.  This  separator  is  always  placed  at  the  end  of 
the  conveyor  run.  It  serves  to  catch  the  material  con- 
veyed and  hold  it  until  it  can  be  drawn  (by  gravity 
through  an  under-cut  gate)  into  cars,  carts  or  barges. 
This  separator  is  located  in  the  most  convenient  position 
for  the  purpose.  The  separator  can  be  made  any  size, 
to  hold  any  predetermined  amount  of  material,  or  for  a 
time  run  of  the  conveyor  of  any  fixed  duration.  These 
separators  can  also  be  mounted  over  bins  or  bunkers  of 
large  or  small  size,  if  such  additional  bin  storage  capac- 
ity is  required.  Separators  are  generally  built  of  cylin- 
drical form  and  of  steel  plate  construction  with  a  cone 
top  and  bottom.  For  certain  work  and  on  small  sized 
plants,  they  can  be  made  rectangular  or  of  an  irregular 
shape.  They  can  also  be  made  of  concrete,  either  square 
or  round,  with  small  cone  top  of  steel  plate.  They  are 
always  made  water  tight. 

The  Exhauster  (Figs.  43  and  44)  consists  essentially 
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of  a  rotating  impeller,  surrounded  by  a  suitable  case, 
with  an  intake  air  opening  at  the  center,  and  a  discharge 
opening  at  the  circumference.  In  appearance,  it  is  simi- 
lar to  the  centrifugal  pump.  The  cflficiency  depends 
largely  upon  the  design  of  the  impeller  and'  casing, 
and  on  the  proper  shaping  of  these  parts.     In  actual 


Fig.  43.     Ash  Conveyor — Elxhauster  Set  driven  by  Steam  Turbine. 


practice  some  conditions  call  for  other  types. 
For  instance,  for  a  small,  simple  layout,  an  ordinary 
exhaust  fan  can  be  used,  whereas  for  certain  com- 
plicated and  extensive  work,  a  cycloidal  blower  is  best 
adapted  for  the  purpose.  It  can  be  either  steam,  or 
motor  driven  for  alternating  or  direct  current.  These 
machines  are  yery  strong  in  construction,  and  will  oper- 
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ate  under  ativeree  conditions  with  a  very  low  cost  for 
maintenance,  and  are  especially  suitable  for  this  class 
of  work. 

Just  before  entering  the  separator,  the  conveyed  mate- 
rial passes  through  a  water  jet,  located  in  the  conveyor 
pipe.  This  jet  is  composed  of  %"  holes,  spaced  1"  cen- 
ters, and  serves  two  purposes,  i.  e.,  it  takes  the  heat  out 
of  the  hot  material,  such  as  ashes,  etc.,  and  eliminates 
all  dust  when,  the  material  is  dusty.  In  this  way  all 
dust  is  kept  out  of  the  exhauster. 


Pig.    44.     A^   Conveyor — Elxhaueter    Set    driven    by    Induction    Motor. 


In  the  case  of  an  ashes  conveyor,  the  intakes  are 
placed  in  front  of  the  ash  pits  of  the  boilers,  or  at  any 
other  desired  place,  and  the  ashes  are  hoed  or  shoveled 
from  the  ash  pits  into  these  intakes,  whence  they  dis- 
appear through  the  pipe  line  at  a  higher  velocity.    The 
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conveyor  pipe  line  will  take  them  away  as  fast  as  they 
are  fed  to  the  intakes.  When  not  in  use,  a  east  iron 
cover  is  placed  over  these  intakes.  These  covers  are 
lifted  off  when  material  is  to  be  fed  to  the  conveyor. 

The  size  of  the  intake  opening  is  slightly  smaller  in 
diameter  than  that  of  th-e  pipe  line,  so  that  any  piece 
of  material  that  passes  the  intake  opening  will  be  con- 
veyed freely  through  the  conveyor  pipe. 


Fig.    45.     E^xhau9ter   Set   driven   by   Direct   Current  Motor. 


As  the  hardest  wear  comes  on  the  elbows,  a  patented 
split  elbow  is  used,  having  an  interchangeable  wearing 
back,  about  3"  thick,  made  of  hard  iron.  These  wearing 
backs  will  last  from  10  to  18  months,  and  are  quickly 
replaocd  when  worn  out  and  can  be  replaced  without 
interfering  with  the  working  of  the  conveyor,  and  at 
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trifling  cost.  Patented  fittings  with  interchangeable 
wearing  back  are  also  used  when  required. 

Owing  to  the  higher  velocity  of  the  air  in  the  central 
portion  of  the  pipe,  the  tendency  is  to  convey  the  mate- 
rial in  suspension  in  the  center  of  the  pipe.  That  this 
is  a  fact  can  be  readily  seen  on  looking  into  a  conveyor 
pipe  in  operation. 

This  fact  prevents  serious  wear  on  the  pipe,  and  from 
observation  of  plants  in  use  up  to  two  and  one-half 
years,  s^hows  that  an  ordinary  steel  pipe,  handling  ashes, 
will  last  for  years. 

No  material  comes  in  contact  with  any  moving  part  of 
this  conveyor  and  it  is  dustless  in  operation.  These 
facts  should  appeal  to  engineers,  especially  those  who 
have  had  experienee  with  mechanical  conveyors  in  hand- 
ling ashes. 

There  is  absolutely  no  corrosion  of  the  conveyor  pipe, 
as  the  great  rush  of  air  through  the  pipe  keeps  same 
perfectly  dry  under  all  conditions. 

The  following  table  gives  capacities,  etc.: 

Sixe  of  Capacity 

Conveyor.  per  Min. 

6"  200  lbs. 

8"  300  lbs. 

10"  500  lbs. 

Firing.  No  definite  set  of  rules  for  hand  firing  can 
be  laid  down  that  will  be  suitable  for  all  steam  plants, 
or  for  the  many  different  kinds  of  coal  used.  Some 
kinds  of  coal  need  very  little  stirring  or  slicing,  while 
others  that  have  a  tendency  to  coke,  and  form  a  crust 
on  top  of  the  fire  nieed  to  be  sliced  quite  of  ten^ 
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Every  engineer,  if  he  is  at  all  observant,  should  be 
able  to  judge  for  himself  as  to  the  best  method  of 
treating  tlie  coal  he  is  using,  so  as  to  get  the  most 
economical  results.  A  few  general  maxims  may  be  laid 
down-.  First,  keep  a  clean  fire;  second,  see  that  every 
squai'e  inch  of  grate  surface  is  covered  with  a  good  live 
fire;  third,  keep  a  level  fire,  don^t  allow  hills  and  valleys 
and  yawning  chasms  to  form  in  the  furnace,  but  keep 
the  fire  level;  fourth,  when  cleaning  the  fire  always  be 
sure  to  clean  all  the  clinkers  and  dead  ashes  away  from 
the  back  end  of  the  grates  at  the  bridge  wall,  in  order 
that  the  air  may  have  a  free  passage  through  the  grate 
bars,  because  this  is  one  of  the  best  points  in  the  furnace 
for  securing  good  combustion,  provid-ed  the  bridge  wall 
is  kept  clean  from  the  grates  up. 

By  keeping  the  back  ends  of  the  grate  bars  and  the 
face  of  the  bridge  wall  clean,  the  air  is  permitted  to 
come  in  contact  with  the  hot  fire  brick,  and  thus  one 
of  the  greatest  aids  to  good  combustion  is  utilized. 
Don't  allow  the  fire  to  become  so  deep  and  heavy  that 
the  air  cannot  pass  up  through  it,  because  without  a 
good  supply  of  air  good  combustion  is  impossible.  When 
the  chimney  draft  is  good'  the  quantity  of  cold  air  ad- 
mitted underneath  the  grate  bars  may  be  easily  regu- 
lated by  leaving  the  ashrpit  doors  partly  open.  The 
amount  of  opening  required  can  be  ascertained  by  a 
little  experimenting  and  depends  upon  the  intensity  of 
the  draft  and  the  condition  of  the  fire.  With  a  clean, 
light  fire,  and  the  air  spaces  in  the  grates  free  from  dead 
ashes,  a  slight  opening  of  the  ash-pit  doors  will  suffice 
to  admit  all  the  air  required  beneath  the  grates.  But 
if  the  fire  is  heavy  and  the  grates  are  clogged,  a  larger 
opening  will  be  necessary.     In  firing  bituminous  coal 
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containing  a  large  percentage  of  volatile  (light  or  ga»- 
eons  matter),  the  best  results  can  be  obtained  by  leaving 
the  fire  doors  slightly  open  for  a  few  seconds  imme- 
diately after  throwing  in  a  fresh  fire.  The  reason  for 
doing  this  is  that  the  volatile  matter  in  the  coal  flashes 
into  flame  the  instant  it  comes  in  contact  with  the  heat 
of  the  furnace,  and  if  a  sufficient  supply  of  oxygen  is 
not  present  just  at  this  particular  time  the  combustion 
will  be  imperfect,  and  the  result  will  be  the  formation 
of  carbon  monoxide  or  carbonic  oxide  gas,  and  the  loss 
of  about  two-thirds  of  the  heat  undts  contained  in  the 
coal.  This  loss  can  be  guarded  against  in  a  great 
measure  by  a  sufficient  volume  of  air,  either  through 
the  fire  doors  directly  after  putting  in  a  fresh  fire,  or 
what  is  still  better,  providing  air  ducts  through  the 
bridge  wall  or  side  walls  which  will  bring  the  air  in  on 
top  of  the  fire.  Each  pound  of  coal  requires  for  its 
complete  combustion  12  lbs.,  or  about  150  cu.  ft.,  of  air, 
anil  the  largest  volume  of  air  is  needed  just  after  fresh 
coal  has  been  added  to  the  fire. 

Cleanliness,  In  order  to  get  the  best  results,  great 
care  should  be  taken  that  the  tubes  be  kept  clean  and 
free  from  soot.  Especially  does  this  apply  to  horizon- 
tal return  tubular  boilers,  for  the  reason  that  when  the 
tubes  become  clogged  with  soot  the  efficiency  of  the 
draft  is  destroyed,  and  the  steaming  capacity  of  the 
boiler  is  greatly  reduced.  Soot  not  only  stops  the  draft, 
but  it  is  a  non-conductor  of  heat.  In  some  batteries  of 
boilers  where  an  inferior  grade  of  coal  is  used  and  the 
draft  is  poor,  it  is  absolutely  necessary  to  scrape  or 
blow  the  tubes  at  least  once  a  day  in  order  to  enable 
the  boilers  to  generate  sufficient  steam. 

As  to  the  process  of  cleaning  there  are  various  devices 
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on  the  market,  both  for  blowing  the  soot  out  by  means 
of  a  steam  jet  and  also  for  scraping  the  inside  of  the 
tubes.  The  steam  jet,  if  properly  made  and  used  with  a 
high  pressure  and  dry  steam,  does  very  satisfactory 
work,  but  it  should  not  be  depended  upon  exclusively  to 
keep  the  tubes  clean,  because  in  process  of  time  a  scale 
will  form  inside  the  tubes  that  nothing  but  a  good 
scraper  will  remove.  For  that  reason  it  is  good  practice 
to  use  the  scraper  two  or  three  times  a  week  at  least. 
When  the  boiler  is  cooled  down  for  washing  out,  the 
bottom  of  the  shell  should  be  cleaned  of  all  accumula- 
tions of  dust  and  ashes,  the  combustion  chamber,  back  of 
the  bridge  wall  cleaned  out,  and  the  back  flue  sheet  or 
head  swept  off  and  examined,  and  if  there  is  a  fusible 
plug  in  the  back  head  the  scale  should  be  scraped  from 
it,  both  inside  and  outside  the  boiler,  because  if  it  is 
covered  with  scale,  neither  the  water  nor  the  heat  can 
come  in  contact  with  it,  and  it  will  be  non-effective. 

The  following  rules  are  compiled  from  those  issued 
by  various  boiler  insurance  companies  in  this  country 
and  Europe — ^they  apply  to  all  boilers  except  as  other- 
wise noted': 

1.  Safety  Valves,  Great  care  should  be  exercised  to 
see  that  these  valves  are  ample  in  size  and  in  working 
order.  Overloading  or  neglect  frequently  leads  to  the 
most  disastrous  results.  Safety  valves  should  be  tried  at 
least  once  every  day  to  see  that  they  will  act  freely. 

2.  Pressure  Gauge.  The  steam  gauge  should  stand 
at  zero  when  the  pressure  is  off,  and  it  should  show  the 
same  pressure  as  the  safety  valve  when  that  is  blowing 
off.  If  not,  then  one  is  wrong,  and  the  gauge  should  be 
tested  bv  one  known  to  be  correct. 
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3.  Water  Level,  The  first  duty  of  an  engineer  be- 
fore starting,  or  at  the  beginning  of  his  watch,  is  to  see 
that  the  water  is  at  the  proper  height.  Do  not  rely  on 
glass  gauges,  floats  or  water  alarms,  but  trj'  the  gauge 
cocks.  If  they  do  not  agree  with  water  gauge,  learn 
the  cause  and  correct  it.  Water  level  in  Babcock  &  Wil- 
cox boilers  should  be  at  center  of  drum,  which  is  usually 
at  middle  gauge.    It  should  not  be  carried  aibove. 

4.  Oauge  Cocks  and  Water  Gauges  must  be  kept 
clean.  Water  gauge  should  be  blown  out  frequently, 
and  the  glasses  and  passages  to  gauge  kept  clean.  The 
Manchester,  England,  Boiler  Association  attributes  more 
accidents  to  inattention  to  water  gauges  than  to  all  other 
causes  put  together. 

5.  Feed  Pump  or  Injector.  These  should  be  kept  in 
perfect  order,  and  be  of  ample  size.  No  make  of  pump 
can  be  expected  to  be  continuously  reliable  without  regu- 
lar and  careful  attention.  It  is  always  safe  to  have  two 
means  of  feeding  a  boiler.  Check  valves  and  self-acting 
feed  valves  should  be  frequently  examined  and  cleaned. 
Satisfy  yourself  frequently  that  the  valve  is  acting  when 
the  feed  pump  is  at  work. 

6.  Low  Water.  In  case  of  low  water,  immediately 
cover  the  fire  with  ashes  (wet  if  possible)  or  any  earth 
that  may  be  at  hand.  If  nothing  else  is  handy  use  fresh 
coal.  Draw  fire  as  soon  as  it  can  be  done  without  in- 
creasing the  heat.  Neither  turn  on  the  feed,  start  or 
stop  engine,  nor  lift  safety  valve  until  fires  are  out,  and 
the  boiler  cooled  down. 

7.  Blisters  and  Cracks.  These  are  liaible  to  occur  in 
the  best  plate  iron.  When  the  first  indication  appears 
there  must  be  no  delay  in  having  it  carefully  examined 
and  properly  cared  for. 
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,8.  Fusible  Plugs,  when  used,  must  be  examined  when 
the  boiler  is  cleaned,  and  carefully  scraped  clean  on  both 
the  water  and  fire  sides,  or  they  are  liable  not  to  act. 


ATTENTION    NECESSARY    TO    SECURE    ECONOMY. 

9.  Fifing.  Fire  evenly  and  regularly,  a  little  at  a 
time.  Moderately  thick  fires  are  most  economical,  but 
thin  firing  must  be  used  where  the  draught  is  poor.  Take 
care  to  keep  grates  evenly  covered,  and  allow  no  air- 
holes in  the  fire.  Do  not  ** clean''  fires  oftener  than 
necessary.  With  bituminous  coal,  a  ** coking  fire,"  i.  e., 
firing  in  front,  and  shoving  back  when  coked,  gives  best 
results,  if  properly  managed. 

10.  Cleaning.  All  heating  surfaces  must  be  kept 
clean  outside  and  in,  or  there  will  be  a  serious  waste  of 
fuel.  The  frequency  of  cleaning  will  depend  on  the 
nature  of  fuel  and  water.  As  a  rule,  never  allow  over 
1/16  inch  scale  or  soot  to  collect  on  surfaces  between 
cleanings.  Hand-holes  should  be  frequently  removed, 
and  surfaces  examined,  particularly  in  case  of  a  new 
boiler,  until  proper  intervals  have  been  established  by 
experience. 

Water  tube  boilers  are  provided  with  extra  facili- 
ties for  cleaning,  and  with  a  little  care  can  be  kept  up 
to  their  maximum  efficiency,  where  tubulars  or  locomo- 
tive boilers  would  be  quickly  destroyed.  For  inspec- 
tion, remove  the  hand-holes  at  both  ends  of  the  tubes, 
and  by  holding  a  lamp  at  one  end  and  looking  in  at  the 
other,  the  condition  of  the  surface  can  be  fully  seen. 
Push  the  scraper  through  the  tube  to  remove  sediment, 
or  if  the  scale  is  hard  use  the  chipping  scraper  m^e  for 
that  purpose.    Water  through  a  hose  will  facilitate  the 
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operation.  In  replacing  hand-hole  caps,  clean  the  sur- 
faces without  scratching  or  bruising,  smear  with  oil,  and 
screw  up  tight.  Examine  mud-drum  and  remove  the 
sediment  therefrom. 

The  exterior  of  tubes  can  be  kept  clean  by  the  use  of 
blowing  pipe  and  hose  through  openings  provided  for 
that  purpose.  In  using  smoky  fuel,  it  is  best  to  occa- 
sionally brush  the  surfaces  when  steam  is  oflE. 

11.  Hot  Feed-Water,  Cold  water  should  never  be 
fed  into  any  boiler  when  it  can  be  avoided,  but  when- 
necessary  it  should  be  caused  to  mix  with  the  heated 
water  before  coming  in  contact  with  any  portion  of  the 
boiler. 

12.  Foaming.  When  foaming  occurs  in  a  boiler, 
checking  the  outflow  of  steam  will  usually  stop  it.  If 
caused  by  dirty  water,  blowing  down  and  pumping  up 
will  generally  cure  it.  In  cases  of  violent  foaming, 
check  the  draft  and  fires. 

13.  Air  Leaks,  Be  sure  that  all  openings  for  ad- 
mission of  air  to  boiler  or  flues,  except  through  the  fire, 
are  carefully  stopped.  This  is  frequently  an  unsus- 
pected cause  of  serious  waste. 

14.  Blowing  Off,  If  feed-water  is  muddy -or  salt, 
blow  off  a  portion  frequently,  according  to  condition  of 
water.  Empty  the  boiler  every  week  or  two,  and  fill  up 
afresh.  When  surface  blow-cocks  are  used^  they  should 
be  often  opened  for  a  few  minutes  at  a  time.  Make  sure 
no  water  is  escaping  from  the  blow-off  cock  wheil  it  is 
supposed  to  be  closed.  Blow-off  cocks  and  check-valves 
should  be  examined  every  time  the  boiler  is  cleaned. 
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ATTENTION  NECESSARY  TO  SECURE  DURABILITY. 

15.  Leaks.  When  leaks  are  discovered,  they  should 
be  repaired  as  soon  as  possible. 

16.  Blowing  Off,  Never  empty  the  boiler  while  the 
brickwork  is  hot. 

17.  Filling  Up.  Never  pump  cold  water  into  a  hot 
boiler.  Many  times  leaks,  and,  in  shell  boilers,  serious 
weaknesses,  and  sometimes  explosions  are  the  result  of 
such  an  action. 

18.  Dampness,  Take  care  that  no  water  comes  in 
contact  with  the  exterior  of  the  boiler  from  any  cause, 
as  it  tends  to  corrode  and  weaken  the  boiler.  Beware 
of  all  dampness  in  seatings  or  coverings. 

19.  Galvanic  Action,  Examine  frequently  parts  in 
contact  with  copper  or  brass,  where  water  is  present,  for 
signs  of  corrosion.  If  water  is  salt  or  acid,  some  metallic 
zinc  placed  in  the  boiler  will  usually  prevent  corrosion, 
but  it  will  need  attention  and  renewal  from  time  to 
time. 

20.  Rapid  Firing.  In  boilers  with  thick  plates,  or 
seams  exposed  to  the  fire,  st-eam  should  be  raised  slowly, 
and  rapid  or  intense  firing  avoided.  With  thin  water 
tubes,  however,  and  adequate  water  circulation,  no  dam- 
age can  come  from  that  cause. 

21.  Standing  Unused.  If  a  boiler  is  not  required  for 
some  time,  empty  and  dry  it  thoroughly.  If  this  is  im- 
practicable, fill  it  quite  full  of  water,  and  put  in  a  quan- 
tity of  common  washing  soda.  External  parts  exposed 
to  dampness  should  receive  a  coating  of  linseed  oil. 

22.  General  Cleanliness.  All  things  about  the  boiler 
room  should  be  kept  clean  and  in  good  order.  Negli- 
gence tend^  to  waste  and  decay. 
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washing  out. 

Too  much  care  cannot  be  exercised  in  the  washing  out 
and  cleaning  of  boilers.  The  following  additional  re- 
marks ui>on  this  important  subject,  while  referring  more 
particularly  to  the  horizontal  return  tubular  type,  will 
also  apply  to  the  water  tube  boiler: 

The  length  of  time  that  a  boiler  can  be  run  safely  and 
economically  after  having  been  washed  out  depends 
upon  the  nature  of  the  feed  water.  If  the  water  is  im- 
pregnated to  a  considerable  extent  with  scale  forming 
matter,  the  boiler  should  be  wash-ed  out  every  two  weeks 
at  least,  and  in  some  cases  of  particularly  bad  water  it 
becomes  necessary  to  shorten  the  time  to  one  week.  To 
prepare  a  boiler  for  washing  the  fire  should  be  allowed 
to  burn  as  low  as  possible  and  then  be  pulled  out  of  the 
furnace,  the  furnace  doors  left  slightly  ajar  and  the 
damper  left  wide  open,  in  order  that  the  walls  may 
gradually  cool.  It  is  as  bad  a  practice  to  cool  a  boiler 
off  too  suddenly  as  it  is  to  fire  it  up  too  quick,  because 
the  sudden  change  of  temperature  either  way  has  an 
injurious  effect  on  the  seams,  contracting  or  expanding 
the  plates,  according  as  it  is  cooled  or  warmed,  and  thus 
creating  leaks  and  very  often  small  cracks  radiating 
from  the  rivet  holes,  and  becoming  larger  with  each 
change  of  temperature,  until  finally  the  strength  of  the 
seam  is  destroyed  and  rupture  takes  place.  After  the 
boiler  has  become  comparatively  cool,  and  there  is  no 
pressure  indicated  by  the  steam  gauge,  the  blow  off  cock 
may  be  opened  and  th«  water  allowed  to  run  out.  The 
gauge  cocks  and  also  the  drip  to  the  water  column  should 
be  left  open  to  allow  the  air  to  enter  and  displace  the 
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water.  Otherwise  there  will  be  a  partial  vacuum  formed 
in  the  boiler  and  the  water  will  not  run  out  freely. 

A  boiler  should  not  be  blown  out  (that  is,  emptied  of 
water)  while  under  pressure.  The  sudden  change  of 
temperature  is  sure  to  have  a  bad  effect  upon  the  sheets 
and  seams.  Suppose  for  instance  that  all  the  water  is 
blown  out  of  a  boiler  under  a  pressure  of  20  lbs.  by  the 
steam  gauge.  The  temperature  of  steam  at  20  lbs.  is 
260°  F.,  aind  it  may  be  assumed  that  the  metal  of  the 
boiler  is  at  or  near  that  temperature  also.  Assume  the 
temperature  of  the  atm'osphere  in  the  boiler-room  to  be 
60°  F.  There  will  then  be  a  range  of  260°— 60°=200° 
temperature  for  the  boiler  to  pass  through  within  a 
short  time,  which  will  certainly  have  a  bad  effect,  and 
besides  this  the  boiler  shell  will  be  so  hot  that  the  loose 
mud  and  sediment  left  after  the  water  has  run  out  is 
liable  to  be  baked  upon  the  sheets,  making  it  much  harder 
to  remove. 

While  inside  the  boiler  the  boiler  washer  should  closely 
examine  all  the  braces  and  stays,  and  if  any  are  found 
loose  or  broken  they  should  be  repaired  at  once  before 
the  boiler  is  used  again.  The  soundness  of  braces,  rivets, 
etc.,  can  be  ascertained'  by  tapping  them  with  a  light 
hammer. 

FAILURES  OF  TUBES. 

All  tube  failures  reduce  to  four  classes: 

(1)  Pitting,  which  causes  pin  holes  to  be  formed. 

(2)  Defective  welds,  which  cause  the  tube  to  open, 
as  in  A,  Fig.  46. 

(3)  An  initial  bagging  resulting  in  a  rupture,  as 
in  B. 

(4)  Scabbing  and  blistering,  as  in  C. 
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In  the  first  case  th-e  tube  is  not  enlarged,  and  may  be 
drawn  through  a  tube  sh-eet,  without  disturbing  other 
tubes,  though  usually  with  difficulty,  owing  to  deposits 
on  the  outer  surface. 

In  the  oth^r  cases,  the  tubes  become  larger  than  their 
original  size,  hence  they  cannot  be  drawn  through  the 
tube  sheet,  water-leg  or  header,  unless  they  are  split  and 
collapsed  inch  by  inch  for  their  entire  length  beyond  the 


Pig.  46.     Photographs  Showing  Distention  of  Tubes  at  Point  of  Rupture. 


point  of  failure,  and  if  they  also  pass  through  cross 
baffles  the  enlargement  will  pull  out  the  bricks  and  de- 
stroy the  baffle.  To  remove  a  tube  in  this  way  is  the 
work  of  days,  and  in  consequence  the  actual  method 
used  is  to  cut  out  all  tubes — numbering  at  times  half  a 
dozen  below  the  defective  one — and  to  avoid  destroying 
the  baffles  these  tubes  are  cut  into  several  pieces. 
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Renewing  Tubes.  As  it  is  practically  impossible  to 
prevent  scale  from  forming  on  the  outside  of  the  tubes 
of  horizontal  tubular  boilers  unless  the  feed  water  is  ex- 
ceptionally good,  and  as  the  tubes  will  in  course  of  time 
become  leaky  where  they  are  expanded  into  the  heads, 
the  engineer,  if  he  has  a  battery  of  two  or  more,  should 
tal^e  advantage  of  the  first  opportunity  that  presents 
itself  to  take  out  of  service  the  boiler  that  shows  the 
most  signs  of  deterioration  and  take  out  the  tubes,  and 
after  cleaning  them  of  scale  by  scraping  and  hammer- 
ing or  rolling  in  a  tumbling  cylinder,  he  should  select 
those  that  are  still  in  good  condition  and  have  them 
pieced  out  at  the  ends,  making  them  almost  as  good  as 
new. 

The  flues  being  out  of  the  boiler  will  give  the  boiler 
washer  a  good  opportunity  to  thoroughly  clean  the  in- 
side also,  and  if  there  are  any  loose  rivets  they  should 
be  replaced  and  leaky  or  suspicious  looking  seams 
chipped  and  caulked.  If  there  are  indications  of  corro- 
sion or  pitting,  a  stiff  paste  or  putty  made  of  plumbago 
mixed  with  a  small  portion  of  cylinder  oil  may  be  ap- 
plied to  the  affected  parts  with  good  results. 

Feed  Water,  There  is  no  steam  plant  of  any  conse- 
quence that  does  not  have  more  or  less  exhaust  steam  or 
returns  from  a  steam  heating  system  which  can  be  util- 
ized for  heating  the  feed  water  before  it  enters  the 
boiler.  Cold  water  should  never  be  pumped  into  a 
boiler  that  is  under  steam  when  it  is  possible  to  prevent 
it. 
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Feed  Water  Heaters.  One  great  source  of  economy 
in  fuel  Ls  the  utilization  of  all  the  available  exhaust 
steam  for  heating  the  feed  water  before  it  enters  the 
boiler.  Of  course  if  the  main  engines  are  condensing, 
the  exhaust  from  that  source  is  not  directly  available, 
except  by  interposing  a  closed  heater  between  the  cylin- 
der and  the  condenser,  or  by  using  the  water  of  con- 
densation for  feeding  the  boilers.  This  can  be  done  with 
safety,  provided  a  surface  condenser  is  used,  but  with  a 
jet  condenser  or  an  open  heater  in  which  the  exhaust 
mingles  with  the  water,  it  is  advisable  to  have  an  oil 
separator  to  prevent  the  oil  from  getting  into  the  boilers. 

Exhaust  heaters  are  of  two  kinds,  open  and  closed. 
In  the  open  heater  the  exhaust  steam  mingles  directly 
with  the  water  and  a  portion  of  it  is  condensed.  A  well- 
designed  open  exhaust  heater  will  raise  the  temperature 
of  the  water  to  very  nearly  the  boiling  point,  212°  F. 
These  heaters  should  be  set  so  that  the  water  will  flow 
by  gravity  from  them  to  the  feed  pump.  In  the  closed 
type  of  exhaust  heaters  the  exhaust  steam  and  the  water 
are  kept  separate.  Inf  some  styles  the  steam  passes 
through  tubes,  which  are  surrounded  by  water,  while  in 
others  the  water  fills  the  tubes,  which  are  in  turn  sur- 
rounded by  the  steam.  In  either  case  the  water  in  the 
closed  heater  is  under  the  full  boiler  pressure,  while  the 
feed  pump  is  in  operation,  because  the  heater  is  be- 
tween the  pump  and  the  boiler,  while  with  the  open 
heater  the  pump  is  between  the  heater  and  the  boiler. 
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The  saving  effected  by  heating  the  feed  water  with 
exhaust  steam  can  be  easily  ascertained  by  the  use  of  a 
thermometer,  a  steam  table,  and  a  simple  arithmetical 
calculation.    First,  find  by  thermometer  the  temperature 


Fig.   47.    Baragwanath  Steam 
Jacket   Feed  Water   Heater. 


Fig.    48.     Interior  View 
of   Open   Heater. 


of  the  water  before  entering  the  heater;  find  its  tem- 
perature as  it  leaves  the  heater.  Next  ascertain  by 
table  10  the  number  of  heat  units  above  32°  F.  in  the 
water  at  each  of  the  two  temperatures.  Subtract  the 
less  from  the  greater,  and  the  remainder  will  be  the 
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number  of  heat  units  added'  to  the  water  by  the  heater. 
Next  find  by  the  table  the  number  of  heat  units  above 
32°  F.  in  the  steam  at  the  pressure  ordinarily  carried  in 
the  boiler,  and  subtract  from  this  the  number  of  heat 
units  in  the  water  before  it  enters  the  heater.  The  result 
will  be  the.  number  of  heat  units  that  would  be  required 
to  convert  the  water  into  steam  of  the  required  pressure, 
provided  no  heater  were  used.  Then  to  find  the  per- 
centage of  saving  effected  by  the  heater,  multiply  the 
number  of  heat  units  added  to  the  water  by  the  heater 
by  100,  and  divide  by  the  numlber  of  heat  units  required 
to  convert  the  unheated  water  into  steam,  from  the  ini- 
tiial  temperature  at  which  it  eaters  the  heater. 

Example.  Assume  the  boiler  to  be  carrying  100  lbs. 
gauge  pressure.  Suppose  the  temperature  of  the  water 
before  entering  the  heater  is  60°  F.,  and  that  after  leav- 
ing the  heater  its  temperature  is  202°  F.,  what  is  the 
percentage  of  saving  due  to  the  heater?  The  solution  of 
the  problem  is  as  follows: 

Boiler  pressure  by  gauge  =  100  lbs. 
Initial  temperature  of  feed  water  =  60°  F. 
Heated  temperature  of  feed  water  =  202°  F. 

From  Table  10  it  is  found  that 

Heat  units  in  water  at  202°  F.  =  170.7. 

Heat  units  in  water  at  60°  F.  =  28.01. 

Heat  units  added  to  water  by  heater  =  170.7 — 28.01 
=142.69. 

Heat  units  in  steam  at  100  lbs.  gauge  pressure  =. 
1185.0. 

Heat  units  to  be  added  to  water  at  60°  F.  to  make 
steam  of  100  lbs.  gauge  pressure  =  1185.0—28.01= 
1156.99. 
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Fig.  49.     Square  Open  Heater. 
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Pig.  50.     Clobed   Feed  Water  Heater. 

Percentage  of  saving  effected  by  the  use  of  the  heater 
142.69X100 


1156.99 


12.33  per  cent. 
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Suppose  the  coal  consumed  under  this  boiler  amounts 
to  two  tons  per  day  at  a  cost  of  $3.00  per  ton,  or  a  fuel 
cost  of  $6.00  per  day.  Then  the  saving  in  dollars  and 
cents  due  to  the  heater  in  the  foregoing  example  would 
be  12.33  per  cent  of  $6.00,  or  $0.7398  (74  cents)  per 
day. 


Table  10 


Propk&tiss  of  Saturated  Stbam 


s 

A 

Total  Heat 

1^ 

l"3 

h 

115 

til' 

above  ja"  F. 

U 

1 

1 ' 

I    JS 

HA 

-1 

1% 

1    8 

H 

•-< 

fi 

1 

M 

29  74 

.089 

32. 

a 

1091  7 

109I.7 

208,080 

3333.3 

.0003 

29.67 

.122 

40. 

8. 

1094. 1 

1086. 1 

154.330 

2472.2 

.0004 

29.56 

.176 

50 

18. 

1097  2 

1079.2 

107,630 

I724.I 

.0006 

29.40 

.254 

60. 

28.01 

1 100.2 

1072.2 

76.370 

1223.4 

.0008 

29.19 

.359 

70. 

38.02 

1 103. 3 

1065.3 

54.660 

875.61 

.0011 

28.90 

.502 

8a 

48.04 

1106.3 

1058.3 

39.690 

63s.  80 

.0016 

28.51 

.692 

9a 

58.06 

I 109.4 

IO5I.3 

20,290 

469.20 

.0021 

38.00 

.943 

100. 

68.08 

1112.4 

1044.4 

21,830 

349.70 

.0028 

27.88 

z. 

102. 1 

70.09 

1113.x 

1043.0 

20,623 

334.23 

.0030 

25.85 

2. 

126.3 

94.44 

1120.5 

1026.0 

10,730 

173.23 

.0058 

23.83 

3. 

141.6 

109.9 

1125.1 

IOI5.3 

7.325 

118.00 

.0085 

21.78 

4. 

153. 1 

121.4 

1128.6 

1007.2 

5.5C8 

89.80 

.0111 

19.74 

5. 

162.3 

130.7 

1131.4 

iooa7 

4.-^30 

72.50 

.0137 

17.70 

6. 

170. 1 

138.6 

1133.8 

995.2 

3816 

61.10 

.0163 

15.67 

7. 

176.0 

145.4 

"35.9 

990.5 

3.302 

53.00 

.0189 

13.63 

8. 

1S2.9 

151.5 

1137.7 

986.2 

2,912 

46.60 

.0214 

11.60 

9. 

188.3 

156.9 

1139.4 

982.4 

2.607 

41.82 

.0239 

9.56 

la 

193.2 

161.9 

1140.9 

979.0 

2,361 

37.80 

.0264 

7.52 

II. 

197.8 

166.5 

1142.3 

975.8 

2.159 

34.6X 

.0289 

5.49 

12. 

202.0 

170.7 

1143.5 

972.8 

1,990 

31.90 

.0314 

3.45 

13. 

205.Q 

174.7 

1 144. 7 

970.0 

1.846 

29.60 

.0338 

I.41 

14. 

209.6 

178.4 

"45. 9 

967.4 

1,721 

27.50 

.0363 

0.00 

14.7 

212.0 

180.9 

1 146. 6 

965.7 

1,646 

26.^6 

.0379 
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Table  10 — Continued 

5  . 

Total  Heat 

0 

£9 

k 

si 

li 

IS 

Above  32*  F. 

M 

a 

i 

i-i 

a   w 

§    S 

ll 

n 

p 

i5| 

H 

n 

I 

M 

0-3 

15 

213.3 

X81.9 

II46.9 

965.0 

I.614 

25.90 

.0387 

X.3 

16 

216.3 

X85.3 

I 147.9 

962.7 

I.519 

24.33 

.0411 

2.3 

17 

219.4 

X88.4 

X  148.9 

960.5 

1.434 

23.00 

.0435 

3.3 

18 

222.4 

191.4 

II49.8 

958.3 

I.35Q 

21.80 

.0459 

4.3 

19 

225.2 

194.3 

XI  50.6 

956.3 

1,292 

20.70 

.0483 

5.3 

20 

227.9 

197.0 

II5I.5 

954.4 

1,231 

19.72 

.0507 

6.3 

21 

230.5 

X99.7 

115  2. 2 

952.6 

1,176 

X8.84 

.0531 

7.3 

22 

233.0 

202.2 

II53.O 

950.8 

X,I26 

X8.O3 

.0555 

8.3 

23 

235.4 

204.7 

II53.7 

949.1 

x,o8o 

17.30 

.0578 

9.3 

24 

237.8 

207.0 

"54.5 

947.4 

1,038 

16.62 

.0602 

X0.3 

25 

240.0 

209.3 

II55.I 

945.8 

998 

16.00 

.0625 

"3 

26 

242.2 

211. 5 

1155.8 

944.3 

962 

15.42 

.0649 

12.3 

27 

24*.3 

213.7 

II56.4 

942.8 

929 

14.90 

.0672 

13.3 

28 

246.3 

215.7 

II57.I 

941.3 

898 

14.40 

.0696 

14.3 

29 

248.3 

217.8 

"57.7 

939.9 

869 

I3.9X 

.0719 

15.3 

30 

250.2 

219.7 

II58.3 

938.9 

841 

13.50 

.0742 

16.3 

31 

252.1 

221.6 

II58.8 

937.2 

816 

13.07 

.0765 

17.3 

32 

254.0 

223.5 

"594 

935.9 

792 

12.68 

.0788 

18.3 

33 

255.7 

225.3 

"59.9 

934.6 

769 

X2.32 

.0812 

59.3 

34 

257.5 

227.x 

1160.5 

933.4 

748 

12.00 

.0835 

2a3 

35 

259.2 

228.8 

1161.0 

932.2 

728 

11.66 

.0858 

ai.3 

36 

260.8 

230.5 

116X.5 

931.0 

709 

XI.36 

.0880 

22.3 

262.5 

232.1 

II  62.0 

929.8 

691 

11.07 

.0903 

23.3 

38 

264.0 

233.8 

X162.5 

928.7 

674 

io.8o 

.0926 

24.3 

39 

265.6 

235.4 

1 162.9 

927.6 

658 

10.53 

.0949 

25.3 

40 

267.1 

236.9 

"63.4 

926.5 

642 

10.28 

.0972 

86.3 

41 

268.6 

238. «» 

1163.9 

925.4 

627 

10.05 

.0995 

27.3 

42 

270.1 

240.0 

1164.3 

924.4 

613 

9.83 

.XOI8 

28.3 

43 

271.5 

241.4 

1164.7 

923.3 

600 

9.6X 

.1040 

29.3 

44 

272.9 

242.9 

1 165. 2 

922.3 

587 

9.4X 

.X063 

30.3 

4S 

274.3 

244.3 

1165.6 

921.3 

,575 

9.2X 

.1086 

31.3 

46 

275.7 

245.7 

I166.0 

920.4 

563 

9.02 

.1108 

32.3 

47 

277.0 

247.0 

1 166. 4 

919.4 

552 

8.84 

.II3X 

33.3 

48 

278.3 

248.4 

XI66.8 

918.5 

541 

8.67 

."53 

34.3 

49 

279.6 

249.7 

1 167.2 

917.5 

531 

8.50 

.1x76 

35.3 

50 

280.9 

251.0 

1 167.6 

916.6 

520 

8.34 

.X198 

36.3 

51 

282.x 

252.2 

ii6d.o 

915.7 

5" 

8.X9 

.X22X 

37.3 

52 

283.3 

253.5 

X168.4 

9x4.9 

502 

8.04 

.1243 

ii4 
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Tabli 

:10— ( 

Heal 
32»F. 

lontim 

led 

§^' 

lii 

1^ 

CX4 

Total 
above 

1  5 

« 

8 

9 

I 
1 

4 

0 

h 

u 

l^ 

1  s 

41 

9  a 

si 

1^ 

Q 

^1 

2  « 

& 

5^ 

oW 

f' 

38.3 

53 

284.5 

234.7 

1 168. 7 

914-0 

492 

7.90 

.1266 

39.3 

54 

285.7 

256.0 

1 169. 1 

913. 1 

484 

7.76 

.1288 

40.3 

H 

286.9 

257.2 

1 169. 4 

912.3 

476 

7.63 

.1311 

41.3 

56 

288.1 

258.3 

1169.8 

911.5 

468 

7.50 

.1333 

42.3 

57 

289.1 

259.5 

1 170. 1 

910.6 

460 

7.38 

-1355 

43.3 

58 

290.3 

260.7 

1170.5 

909.8 

453 

7.26 

.1377 

44.3 

59 

291.4 

261.8 

1 170. 8 

909.0 

446 

7.14 

.1400 

45.3 

60 

292.5 

262.9 

1171.2 

908.2 

439 

7.03 

.1422 

46.3 

61 

293.6 

264.0 

1171.5 

907.5 

432 

6.92 

.1444 

47.3 

62 

294.7 

265.1 

1171.8 

906.7 

425 

6.82 

.1466 

48.3 

63 

295.7 

266.2 

1172.1 

905.9 

419 

6.72 

.1488 

49.3 

64 

296.8 

267.2 

1 172.4 

905.2 

413 

6.62 

.1511 

50.3 

65 

297.8 

268.3 

1172.8 

904.5 

407 

6.53 

.1533 

51.3 

66 

298.8 

269.3 

II 73. 1 

903.7 

401 

6.43 

.1555 

52.3 

67 

299.8 

270.4 

II  73.4 

903.0 

395 

6.34 

.1577 

533 

68 

30a  8 

271.4 

1173.7 

902.3 

390 

6.25 

.1599 

54.3 

69 

301.8 

272.4 

1174.0 

901.6 

384 

6.17 

.1621 

55.3 

70 

302.7 

273.4 

I 174-3 

900.9 

379 

6.09 

.1643 

56.3 

71 

303.7 

274.4 

1174-6 

goo.  2 

374 

6.01 

.1665 

57.3 

72 

304.6 

275.3 

1174.8 

899-5 

369 

5.93 

1687 

58.3 

73 

305.6 

276.3 

II75.I 

898.9 

365 

5.85 

.1709 

59-3 

74 

306.5 

277.2 

1175.4 

898.2 

360 

5.78 

.1731 

60.3 

75 

307.4 

278.2 

1175-7 

897.5 

356 

5.71 

.1753 

61.3 

76 

308.3 

279.1 

1176.0 

896.9 

351 

5.63 

.1775 

62.3 

77 

309.2 

280.0 

1 176.2 

896.2 

347 

5.57 

.1797 

63.3 

78 

310. 1 

280.9 

1176.5 

895.6 

343 

5.50 

.1819 

64.3 

79 

310.9 

281.8 

II  76.8 

895.0 

339 

5.43 

.1840 

65.3 

80 

311.8 

282.7 

1177.0 

894.3 

334 

5.37 

.1862 

66.3 

81 

312.7 

283.6 

1177.3 

893.7 

331 

5.31 

.1884 

67.3 

82 

313.5 

284.5 

1177.6 

893.1 

327 

5.25 

.1906 

68.3 

2^ 

314.4 

285.3 

1177.8 

892.5 

323 

5.18 

.1928 

69.3 

84 

315.2 

2«6.2 

1178.1 

891.9 

320 

5.13 

.1950 

70.3 

85 

3x6.0 

287.0 

1178.3 

891.3 

316 

5.07 

.1971 

71.3 

86 

316.8 

287.9 

1178.6 

890.7 

313 

5.02 

.1993 

72.3 

87 

317.7 

288.7 

1178.8 

890.1 

309 

4.96 

.2015 

73.3 

88 

318.5 

289.5 

II 79. I 

880.5 

306 

4.9X 

.2036 

74.3 

89 

319.3 

290.4 

1179.3 

888.9 

303 

4.86 

.2058 

75.3 

90 

320.0 

291.2 

1 1 79-6 

888.4 

299 

4.81 

.2080 
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Table  1(>— Continued 

fi 

Total  Heat 

8 

h 

|a 

ft 
■=1 

above  aa"  F. 

s 
I 

1 

u 

B 

ii 
1^ 

(31 

76.3 

91 

320.8 

292.0 

1 179.8 

887.8 

296 

4.76 

.2xoa 

77.3 

92 

321.6 

292.8 

iiSao 

887.2 

293 

4.71 

.2123 

78.3 

93 

322.4 

293.6 

1180.3 

886.7 

290 

4.66 

.2145 

79.3 

94 

323.1 

294.4 

1 180. 5 

886.1 

287 

4.62 

.2166 

80.3 

95 

323.9 

295.1 

1180.7 

885.6 

285 

4.57 

.2188 

81.3 

96 

324.6 

295.9 

1181.0 

885.0 

282 

4.53 

.2210 

82.3 

97 

325.4 

296.7 

X181.2 

884.5 

279 

4.48 

.223X 

83.3 

98 

326.1 

297.4 

1181.4 

884.0 

276 

4.44 

.2253 

84.3 

99 

326.8 

298.2 

1181.6 

883.4 

274 

4.40 

.2274 

85.3 

100 

327.6 

298.9 

1181.8 

882.9 

271 

4.36 

.2396 

86.3 

lOI 

328.3 

299.7 

1182.1 

882.4 

268 

4.32 

.2317 

87.3 

102 

329.0 

300.4 

1182.3 

8S1.9 

C266 

4.28 

.2339 

88.3 

103 

329.7 

301.  X 

1182.5 

881.4 

264 

4.24 

.2360 

89.3 

104 

330.4 

301.9 

1182.7 

880.8 

261 

4.20 

.2382 

90.3 

X05 

33I.I 

302.6 

1182.9 

880.3 

259 

4.16 

.2403 

91.3 

106 

331.8 

303.3 

1183.x 

879.8 

257 

^4.09 

.2425 

92.3 

X07 

332.5 

304X) 

1183.4 

879.3 

254 

.2446 

93.3 

X08 

333.2 

304.7 

1183.6 

878.8 

252 

4.05 

.2467 

94.3 

X09 

333.9 

305.4 

1183.8 

878.3 

250 

4.02 

.2489 

95.3 

xxo 

334.5 

306.1 

II  84.0 

877.9 

248 

3.98 

.2510 

96.3 

IXI 

335.2 

306.8 

1184.2 

877.4 

246 

3.95 

.253X 

97.3 

1X2 

335.9 

307.5 

1 1 84.4 

876.9 

244 

3.92 

.2553 

98.3 

«X3 

336.5 

308.2 

1184.6 

876.4 

242 

3.88 

.2574 

99.3 

1x4 

337.2 

308.8 

1184.8 

875.9 

240 

3.85 

.2596 

X00.3 

"5 

337.8 

309..; 

1185.0 

875.5 

238 

3.82 

.2617 

101.3 

X16 

338.5 

310.2 

1185.2 

875.0 

236 

3.79 

.2638 

102.3 

117 

339.1 

310.8 

"85.4 

874.5 

234 

3.76 

.2660 

103.3 

X18 

339.7 

3II.5 

1185.6 

874.1 

232 

3.73 

.2681 

104.3 

X19 

340.4 

312. 1 

1185.8 

873.6 

230 

3.70 

.2703 

105.3 

120 

341.0 

312.8 

11S5.9 

873.2 

228 

3.67 

.2764 

106.3 

X2X 

341.6 

313.4 

1 186. 1 

872.7 

227 

3.64 

.2745 

107.3 

X22 

342.2 

3 14. 1 

1186.3 

872.3 

225 

3.62 

.2766 

108.3 

X23 

342.9 

314.7 

1 186. 5 

871.8 

223 

3.59 

.2788 

109^3 

X24 

343-5 

315.3 

1186.7 

871.4 

221 

3.56 

.2809 

no.  3 

X25 

344.1 

316.0 

1 186.9 

870.9 

220 

3.53 

.2830 

III.3 

126 

344.7 

316.6 

1187.1 

870.5 

218 

3.51 

285X 

II2.3 

127 

345.3 

317.2 

1187.3 

870.0 

216 

3.48 

287a 

"33 

128 

345.9 

317.8 

1187.4 

869.6 

215 

3.46 

.2894 
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Table  10— Continued 

„ 

Total  Heat 

0 

1^ 

8 

0d 

Above  32*  F. 

1     1 

a 

1 

^i 

si 

6^ 

HA 

|5| 

3« 

1 

1^ 

d 
> 
^ 

"43 

139 

346.5 

318.4 

II87.6 

869.3 

313 

3.43 

.3915 

II5.3 

130 

347.1 

319-1 

1 187.8 

868.7 

3X3 

3.41 

.3936 

1 16. 3 

131 

347.6 

319.7 

II88.O 

868.3 

3XO 

3.38 

.2957 

I17.3 

133 

348.3 

320.3 

1188.3 

867.9 

309 

3.36 

.3978 

XI8.3 

133 

348.8 

320.8 

XI88.3 

867.5 

307 

3.33 

.3000 

II9.3 

134 

349.4 

321.5 

II88.5 

867.0 

306 

3.31 

.303X 

130.3 

135 

350.0 

333.1 

II88.7 

866.6 

304 

3.29 

•304a 

131. 3 

136 

350.5 

333.6 

II88.9 

866.3 

303 

3.27 

.3063 

133. 3 

137 

351.1 

333.3 

I 189.0 

865.8 

301 

3.24 

.3084 

133.3 

138 

351.8 

323.8 

1189.3 

865.4 

300 

3.23 

.3105 

134^3 

139 

352.3 

324.4 

1 189.4 

865.0 

199 

3.30 

.3136 

135.3 

140 

353.8 

325.0 

1 189. 5 

864.6 

197 

3.18 

.3147 

136.3 

14X 

353.3 

325.5 

1189.7 

864.3 

196 

3.16 

.3169 

X27.3 

143 

353.9 

336.1 

I189.9 

863.8 

195 

3.14 

.3190 

X38.3 

143 

354.4 

326.7 

1 190.0 

863.4 

193 

3.11 

.3311 

129.3 

144 

355.0 

327.2 

1190.3 

863.0 

X93 

3.09 

.3332 

X30.3 

145 

'355.5 

327.8 

1190.4 

862.6 

191 

3.07 

.3253 

131.3 

146 

356.0 

328.4 

1190.5 

863.3. 

190 

305 

•.3274 

133.3 

148 

357.1 

329.5 

1190.9 

861.4 

187 

3.03 

.3316 

135.3 

150 

358.3 

330.6 

1191.3 

860.6 

185 

3.98 

.3358 

140.3 

155 

360.7 

333.2 

1 192.0 

858.7 

179 

3.89 

.3463 

145.3 

l6o 

363.3 

335.9 

1 192. 7 

856.9 

174 

3.80 

.3567 

150.3 

165 

365.7 

338.4 

"935 

855.1 

169 

3.73 

.3671 

155.3 

170 

368.3 

340.9 

1194.2 

853.3 

164 

3.65 

.3775 

160.3 

175 

370.5 

343.4 

1 194.9 

851.6 

x6o 

2.58 

.3879 

165.3 

180 

372.8 

345.8 

1195.7 

849.9 

156 

2.51 

.3983 

170.3 

185 

375.1 

348.1 

1196.3 

848.3 

152 

2.45 

.4087 

175.3 

190 

377.3 

350.4 

1197.0 

846.6 

148 

2.39 

.4191 

180.3- 

195 

379.5 

352.7 

1197.7 

845.0 

144 

2.33 

.4296 

185.3 

300 

381.6 

354.9 

1198.3 

843.4 

141 

S.27 

.4400 

190.3 

305 

383.7 

357.1 

1 199.0 
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THE    HOPPES    CLASS   R   FEEIKWATER    HEATER. 

Figure  51  herewith  is  a  side  sectional  elevation  of  a 
Hoppes  class  R  open  feed-water  heater,  Fig.  52  being  an 
end  sectional  view  of  the  same.  Although  this  heater 
has  been  on  the  market  several  years,  it  has  recently  been 
improved  and  embodies  features  not  heretofore  shown. 
The  shell  of  the  heater  is  cylindrical  and  the  heads  are 
** bumped,"  a  design  calculated  to  resist  pressure,  and 


Fig.   51.     Sectional   Bleyaiion  of  Hoppes  Class   R  Feed-Water   Heater. 

also  to  prevent  pulsations  due  to  the  impulses  of  the  ex- 
haust. The  interior  of  the  heater  is  provided  wnth  layers 
of  trough-shaped  pans  arranged  in  tiers  and  designed  to 
afford  a  large  amount  of  heating  surface.  To  avoid  cor- 
rosion the  pans  are  of  cast-iron,  as  are  also  the  bottom 
of  the  shell,  the  lower  ends  of  the  center  posts  and  all 
other  parts  with  which  the  water  comes  in  contact.  The 
shell  may  be  entirely  cast-iron,  however,  if  desired.  In 
the  back  end  of  the  heater  is  located  a  large  oil  catcher, 
through  which  th^  exhaust  passes.    See  Fig.  51, 
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The  principle  of  operation  is  to  provide  that  the  flow 
of  water  from  the  cast-iron  troughs  at  the  top  be  so 
gradual  that  the  water  will  be  distributed  over  the  edges 
of  the  pans  in  a  thin  film,  and  flow  over  the  sides  and 
ends  so  gently  that  it  will  follow  the  bottom  contour  of 
each  pan  to  the  lowest  point  before  dropping  off  into  the 
pan  beneath.     While  the  water  is  following  the  under 


Fig.  52.     End  Sectional  View  of  Hoppes  Class  R  Heater. 

side  of  the  pans,  the  exhaust  steam  will  come  in  direct 
conta<jt  with  and  heat  it  to  the  temperature  of  the  ex- 
haust. Lime  and  other  solids  which  may  be  held  in 
schition  in  the  water  will,  when  liberated  by  the  heat, 
form  mostly  on  the  under  side  of  the  pans  and  hence 
will  not  detract  from  the  efficiency  of  the  process,  as  the 
same  direct  action  of  the  exhaust  on  the  water  will  con- 
tinue as  when  the  pans  are  clean. 
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In  open  heaters  of  large  size  the  regulation  and  dis- 
tribution of  water  so  as  to  obtain  the  best  results  are  im- 
portant. In  the  Hoppes  apparatus  the  water  is  regu- 
lated to  the  heater  by  a  float  in  a  separate  float-chamber 
oi>erating  a  double-disk  balanced  valve  of  the  company's 
manufacture.  Branch  pipes  from  the  main  feed-pipe 
are  connected  to  the  shell  at  the  top  and  these  branches 
have  extensions  inside  the  heater  to  which  are  attached 
flanged  tees.  To  the  flanges  of  these  tees  are  bolted 
flanged  inverted  L-shaped  pip^s,  the  long  arms  of  which 
extend  below  the  water  level  of  the  feed  troughs  in  the 
top  of  the  heater.  Disks  with  orifices  of  proper  and 
equal  size  are  placed  between  the  flanges  of  the  L-shaped 
feed-pipes  and  the  tees,  and  by  this  means  the  water  is 
equally  distributed  into  the  various  tiers  of  pans. 

When  it  is  desired  to  feed  two  or  more  heaters  in  mul- 
tiple, an  equal  distribution  of  water  is  given  to  all  the 
heaters  by  using  a  single  regulating  valve  on  the  main 
water  inlet,  and  branching  the  same  to  the  heaters  to  be 
supplied. 

A  feature  recently  added  is  an  overflow  dam,  at  the 
rear  end  of  the  heater,  which  is  intended  to  act  as  a 
skimmer  and  also  to  add  to  the  capacity  of  the  overflow 
pipe  by  increasing  the  head  on  the  outlet  without  caus- 
ing the  water  to  rise  higher  in  the  heater.  The  drip  from 
the  oil  separator  is  piped  into  the  chamber  formed  by 
the  dam,  but  this  may  have  a  separate  connection,  if  pre- 
ferred. Filters  are  provided  on  request,  but  it  is  be- 
lieved that  the  large  amount  of  lime-catching  surfaces 
obviates  the  necessity  for  their  use  in  most  cases. 

These  heaters  are  built  in  sizes  ranging  from  50  to 
30,000  horse-power. 
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Heaters,  especially  those  of  the  closed  type,  should 
have  capacity  sufficient  to  supply  the  boiler  for  fifteen 
or  twenty  minutes.  There  would  then  be  a  body  of  water 
continually  in  the  heater  in  direct  contact  with  the  heat- 
ing surface,  and  as  it  passes  slowly  through  it  will  re- 
ceive much  more  heat  than  if  rushed  through  a  heater 
that  is  too  small.  All  heaters  and  feed  pipes  should  be 
well  protected  by  some  good  insulating  covering  to  pre- 
vent loss  of  heat  by  radiation.  In  some  cases  the  exhaust 
steam,  or  a  portion  of  it  at  lea$t,  can  be  used  to  advan- 
tage in  an  exhaust  injector.  This  device,  where  it  can 
be  used  at  all,  is  economical  in  that  it  not  only  feeds  the 
boiler,  but  also  beats  the  water  without  the  use  of  live 
steam.  But  it  will  not  force  the  water  against  a  pressure 
much  above  75  lbs.  to  the  square  inch,  and  if  the  initial 
temperature  of  the  water  is  much  above  75°  F.  the  ex- 
haust injector  will  not  handle  it.  Heaters  which  use 
live  steam  direct  from  the  boilers  heat  the  feed  water  to 
a  much  higher  temperature,  so  that  they  act  as  purifiers 
by  removing  a  large  portion  of  the  scale-forming  impuri- 
ties before  the  water  enters  the  boiler.  Live  steam  heat- 
ers, however,  are  not  to  be  considered  as  economizers  of 
heat. 

.  Provisions  for  Testing,  While  considering  feed  pipes 
and  other  apparatus  necessarily  appertaining  to  the 
feeding  of  boilers,  it  is  well  to  devote  a  short  space  also 
to  the  fittings  and  other  devices  required  for  successfully 
conducting  tests  of  the  boiler  and  furnace.  This  subject 
is  mentioned  here  for  the  reason  that  the  author  con- 
siders that  the  necessary  fittings  and  appliances  for  mak- 
ing evaporative  tests  properly  belong  to,  and  in  fact  are 
a  part  of,  the  feed  piping,  and  can  be  put  in  while  the 
plant  is  being  erected  at  much  less  cost  and  trouble  than 
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if  the  matter  is  postponed  until  after  the  plant  is  in 
operation. 

Beginning  then  at  the  check  valve,  there  should  be  a 
tee  located  in  the  horizontal  section  of  the  feed  pipe,  as 
near  to  the  check  valve  as  practicable,  and  between  it 
and  the  feed  pump ;  or  a  tee  can  be  used  in  place  of  an 
ell  to  connect  the  vertical  and  horizontal  sections  of  the 
branch  pipe  where  it  rises  in  front  of  the  boiler.  One 
opening  of  this  tee  is  reduced  to  %  or  l^  in.  to  permit 
the  attachment  of  a  hot  water  thermometer.  These  ther- 
mometers are  also  made  angle-shaped  at  the  shank,  so 
that  if  desired  they  can  be  screwed  into  a  tee  placed  in 
vertical  pipe  and  still  allow  the  scale  to  stand  vertical. 
The  thermometer  is  for  the  purpose  of  showing  at  what 
temperature  the  feed  w^aiter  enters  the  boiler  during  the 
test,  and  therefore  should  be  as  near  the  boiler  as  pos- 
sible. After  the  test  is  completed  the  thermometer  may 
be  taken  out  and  a  plug  inserted  in  its  place. 

The  next  requirement  will  be  a  device  of  some  kind 
for  ascertaining  the  weight  of  water  pumped  into  the 
boiler  during  the  test.  In  some  well  ordered  plants  each 
boiler  is  fitted  with  a  hot  water  meter  in  the  feed  pipe, 
but  as  this  arrangement  is  hardly  within  the  reach  of  all, 
a  substitute  equally  as  accurate  can  be  made  by  placing 
two  small  water  tanks,  each  having  a  capacity  of  eight 
or  ten  cubic  feet,  in  the  vicinity  of  the  feed  pimip. 
These  tanks  can  be  made  of  light  tank  iron,  and  each 
should  be  fitted  with  a  nipple  and  valve  near  the  bottom 
for  connection  with  the  suction  side  of  the  pump.  The 
tops  of  the  tanks  may  be  left  open.  If  an  open  heater 
is  used,  and  it  is  possible  to  place  the  tanks  low  enough 
to  allow  a  portion  of  the  water  from  the  heater  to  be  led 
into,  them  by  gravity,  it  will  be  desirable  to  do  so.    A 
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pipe  leading  from  the  main  water  supply,  with  a  branch 
to  each  tank,  is  also  needed  for  filling  them.  One  of  the 
feed  pumps,  of  w^hich  there  should  always  be  at  least 
two,  as  already  stated,  is  fitted  with  a  tee  in  the  suction 
pipe  near  the  pump  to  receive  the  pipe  leading  from  the 
tanks.  During  the  test  the  main  suction  leading  to  this 
pump  from  the  general  supply  should  be  kept  closed,  so 
that  only  the  water  that  passes  through  the  tanks  is  used 
for  feeding  the  boiler.  If  the  plant  be  a  small  one,  with 
but  one  or  two  boilers  and  only  a  single  feed  pump,  the 
latter  can  be  made  to  do  duty  as  a  testing  pump,  because 
during  the  test  there  will  be  no  other  boilers  to  feed  be- 
sides the  ones  under  test. 


To/^^iPpthP 


Fig.  53. 


If  metal  tanks  are  considered  too  expensive,  two  good 
water-tight  barrels  can  be  substituted.  Pig.  53  will  give 
the  reader  a  c^i^eral  idea  of  what  is  needed  for  obtain- 
ing the  weight  of  the  water  by  the  method  just  d?s?ribed. 
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If  a  closed  heater  is  used  and  no  other  boilers  are  in  ser- 
vice during  the  test,  the  cold  water  can  be  measured  in 
the  tanks  and  pumped  directly  through  the  heater,  hut 
if  it  is  necessary  to  feed  other  boilers  besidies  those  under 
test,  then  either  a  separate  feed  pipe  must  be  run  to  the 
test  boilers,  or  else  hot  water  meters  will  have  to  be  put 
into  the  branch  pipes. 

In  cases  where  a  separate  feed  pipe  must  be  put  in 
for  the  test  boiler  and  the  water  which  is  used  for  testing 
cannot  be  passed  through  a  heater,  there  should  be  a  % 
or  1  in.  pipe  connected  to  the  feed  main  or  header  and 
leading  to  the  testing  tanks,  in  order  to  allow  a  portion 
of  the  hot  feed  water  to  run  into  and  mix  with  the  cold 
water  in  the  tanks  as  they  are  being  filled,  thus  partially 
warming  the  water  before  it  goes  to  the  boiler. 

Heating  Surface,  The  heating  surface  of  a  boiler 
consists  of  that  portion  of  the  boiler  which  is  exposed  to 
the  heat  on  one  side  and  water  on  the  other.  In  a  hori- 
zontal boiler  of  either  the  flue  or  tubular  type,  the  avail- 
able heating  surface  is,  first,  the  lower  half  of  the  shell ; 
second,  the  area  of  the  back  head  below  the  water  line 
minus  the  combined  cross  sectional  area  of  all  the  tubes 
or  flues;  third,  the  inside  area  of  the  flues;  fourth,  the 
area  of  the  front  head  minus  the  sectional  area  of  the 
flues. 

For  a  fire-box  boiler  of  the  vertical  type,  the  area  of 
the  flue  sheets,  minus  the  sectional  area  of  the  flues,  plus 
the  area  of  the  fire-box,  plus  the  inside  area  of  the  flues 
constitutes  the  heating  surface.  If  the  boiler  is  a  hori- 
zontal internally  fired  boiler,  the  heating  surface  will 
consist  of,  first,  area  of  three  sides  of  the  fire-box ;  second, 
area  of  the  crown  sheet;  third,  area  of  flue  sheets  minus 
sectional  area  of  flues ;  fourth,  inside  area  of  the  flues. 
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In  estimating  the  area  of  the  fire-box,  the  area  of  the  fire 
door  should  be  subtracted  therefrom. 
If  the  fire-box  be  circular,  as  in  the  case 
of  a  vertical  boiler,  the  area  may  be  ob- 
tained by  first  finding  by  measurements 
the  diameter,  which,  multiplied  by 
3.1416,  will  give  the  circumference. 
Then  multiply  this  result  by  the  height 
or  the  distance  between  the  grate  bars 
and  the  flue  sheet.  In  the  case  of  water 
tube  boilers  the  outside  area  of  the 
tubes  must  be  taken.  Two  examples 
will  be  given  illustrating  methods  of 
calculating  heating  surface: 

First,  take  a  horizontal  tubular  boiler 
diameter  72  in.,  length  18  ft.,  having 
sixty-two  4%  in.  flues;   find  area  of 
lower  half  of  shell. 

Circumference  —  diameter  X  3.1416, 
=  18. 8496  ft. 

One-half  of  the  circumference  multi- 
plied by  the  length  =  required  area. 
Thus,  18.8496-^2x18  =  169.64  sq.  ft. 

Next  find  heating  surface  of  back 
head  below  the  water  line.  Total 
area=72' X.7854  =  4071.5  sq.  in.  As- 
sume two-thirds  of  this  area  to  be  ex- 
posed to  the  heat.  I  of  4071.5= 2714.3 
sq.  in.  From  this  must  be  deducted  the 
sectional  area  of  the  tubes.  In  gi\ang 
the  size  of  boiler  tubes  the  outside  di- 
ameter is  taken.  The  tubes  being  4X 
in.;  the  area  of  a  circle  4%  in.  in  diam- 
eter is  15.9  sq.  in.    Number  of  flues,  62X15.9=985.8  sq. 


Fig.  54.     Hot  Water 
Thermometer. 
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in.  =  sectiondl  area  of  tubes.  The  heating  surface  of 
the  back  head  therefore  =  2714.a— 985.8=:1728.5  sq.  in. 
Dividing  this  by  144,  to  reduce  to  feet,  we  have  12  sq.  ft. 

Next  find  inside  area  of  tubes.  The  standiard  thick- 
ness of  a  4V^  in.  tube  =  .134  in.  The  inside  diameter 
therefore  will  be  4.5— (2 X. 134)  =4.23  in.,  and  the  cir- 
cumference  will  be  4.23X3.1416=13.29  in.,  and  the  in- 
side area  will  be  13.29  X  length,  18  ft.,  =  216  in.  Thus 
216X13.29-T-144=19.93  sq.  ft.,  inside  area  of  one  flue. 
There  being  62  flues,  the  total  heating  surface  of  tubes 
is  19.93X62=1235.66  sq.  ft.  The  heating  surface  of 
the  front  head  is  found  in  the  same  manner  as  that  of 
the  back  head,  with  the  exception  that  the  whole  area 
should  be  figured  instead  of  two-thirds,  for  the  reason 
that  the  entire  surface  is  exposed  to  the  heat,  although 
that  portion  above  the  water  line  may  be  considered  as 
superheating  surface.  The  heating  surface  of  front  head 
would  be :  area  4071.5  —  sectional  area  of  tubes,  985.8  = 
3085.7  sq.  in.  =  21.43  sq.  ft. 

The  total  heating  surface  of  the  boiler  is  thus  found 
to  be  1438.73  sq.  ft.,  divided  up  as  follows: 

Lower  half  of  shell  169.64  sq.  ft. 

Back  head,  12.00     '' 

Tubes,                     •  1235.66     '' 

Front  head,  21.43     '' 


1438.73 


Next  taking  a  vertical  fire-^box  boiler  of  the  following 
dimensions:  diameter  of  flue  sheet,  and  also  of  fire-box, 
50  in. ;  height  of  fire-box  above  grate  bars,  30  in. ;  num- 
ber of  flues,  200;  size  of  flues,  2  in. ;  length  of  flues,  7  ft. 
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First,  find  heating  surface  in  flue  sheet. 

Area  of  circle,  50  in.  in  diameter  =  1,963.5  sq.  in. 

Sectional  area  of  2  in.  flue  .=  3.14  sq.  in.,  which  mul- 
tiplied by  200  =  628  sq.  in.,  total  sectional  area  of  tubes. 
The  heating  surface  of  one  flue  sheet  therefore  will  be 
1,963.5—628-^144=9  sq.  ft. 

Assuming  that  the  tops  of  the  flues  are  submerged, 
the  area  of  the  top  flue  sheet  will  also  be  9  sq.  ft.  Then 
heating  surface  of  flue  sheets  =  9  X  2  =  18  sq.  ft. 

Second,  find  heating  surface  of  tubes.  The  standard 
thickness  of  a  2  in.  flue  is  .095  in.  The  insid«e  diameter 
will  consequently  be  2 — (.095X2)=1.8  in.,  and  the  cir- 
cumference will  be  1.8X3.1416=5.66  in.  The  length  of 
the  flue  being  7  ft.,  or  84  in.,  the  inside  area  will  be  5.66 
X84-f-144=3.3  sq.  ft,,  and  midtiplying  this  result  by 
200  we  have  200X3.3=660  sq.  ft.  as  the  heating  surface 
of  the  flues. 

Third,  find  heating  surface  of  the  fire-box.  Diameter 
of  fire-box  =  50  in.,  which  multiplied  by  3.1416  =^ 
157.08,  which  is  the  circumference.  The  height  being  30 
in.,  the  total  area  will  be  157.08 X30-t-144=32.7  sq.  ft. 
Allowing  1  sq.  ft.  as  the  area  of  the  fire  door,  will  leave 
31.7  sq.  ft.  heating  surface  of  fire-box.  The  heating 
surface  of  the  boiler  will  be: 


For  the  flue  sheets 

18     sq. 

For  the  flues. 

660 

For  the  fire-box, 

31.7     " 

Total,  709.7     " 

The  above  methods  may  be  applied  in  estimating  the 
heating  surface  of  any  boiler,  provided  in  the  case  of 


WATER  COLUMNS  127 

water  tube  boilers  that  the  outside  in  plaee  of  the  inside 
area  of  the  tubes  can  be  figured. 

Water  Columns.  Water  columns  should  be  so  located 
as  to  bring  the  lower  end  of  the  gauge  glass  exactly  on 
a  level  with  the  top  of  the  upper  row  of  tubes,  thus 
always  affording  a  perfect  guide  as  to  the  depth  of 
water  over  the  tubes.  Many  gauge  glasses  are  placed 
too  low,  and  water  tenders  and  firemen  are  often  de- 
ceived by  them  unless  their  positions  with  relation  to  the 
tubes  are  carefully  noted. 

The  only  safe  plan  for  an  engineer  to  pursue  in  tak- 
ing charge  of  a  steam  plant  is  to  seize  the  first  oppor- 
tunity for  noting  this  relation.  When  he  has  washed 
out  his  boilers  he  may  leave  the  top  man-hole  plaites 
out  while  refilling  them,  and  when  the  water  stands  at 
about  four  inches  over  the  top  row  of  tubes,  the  depth 
of  water  in  the  glass  should  be  measured.  He  should  do 
this  with  every  boiler  in  the  plant,  and  make  a  mem- 
orandum for  each  boiler.  He  will  then  know  his  bear- 
ings with  regard  to  the  safe  height  of  water  to  be  car- 
ried in  the  several  gauge  glasses.  If  he  finds  any  of 
them  are  too  low,  he  should  lose  no  time  in  having  them 
altered  to  conform  to  the  requirements  of  safety.  The 
position  of  the  lower  gauge  cock  should  be  three  inches 
above  the  top  row  of  tubes. 

In  making  connections  for  the  water  column  plugged 
cro.sses  should  always  be  used  in  place  of  ells.  Brass 
plugs  are  to  be  preferred  if  they  can  be  obtained;  but 
whether  of  brass  or  iron,  they  should  always  be  well 
coated  with  a  paste  made  of  graphite  and  cylinder  oil 
before  they  are  screwed  in.  They  can  then  be  easily  re- 
moved when  washing  out  the  boiler,  so  as  to  allow  the 
scale,  which  is  sure  to  form  in  the  lower  connection,  to 
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be  cleaned  out.  The  best  point  at  which  to  connect  the 
lower  pipe  with  the  boiler  is  in  the  lower  part  of  the 
head  just  below  the  bottom  row  of  tubes,  and  near  the 
side  of  the  boiler  on  which  the  water  column  is  to 
stand;  1^  or  1^/^  in.  pipe  should  be  used  in  all  cases. 
The  top  connection  can  be  made  either  in  the  head 
near  the  top,  or  in  the  shell.  A  %  or  1  in.  drain  pipe 
should  be  led  into  the  ash  pit,  fitted  with  a  good  relia- 
ble valve  which  should  be  opened  at  frequent  intervals 
to  allow  the  mud  and  dirt  to  blow  out  of  the  water  col- 
umn and  its  connections.  This  is  a  very  important 
point,  and  great  care  should  be  taken  to  keep  the  water 
column  and  all  its  connections  thoroughly  clean  at  all 
times. 

One  of  the  best  indications  that  some  portion  of  the 
connections  between  /the  water  glass  and  the  boiler  is 
choked  or  plugged  with  scale,  is  when  there  is  no  per- 
ceptible movement  of  the  water  in  the  glass.  When 
the  connections  are  free  and  the  boiler  is  being  fired, 
there  is  always  a  slight  movement  of  the  water  up  and 
down  in  the  glass,  and  when  there  is  no  perceptible 
movement  it  is  time  to  look  for  the  cause  at  once. 
Many  instances  of  burned  tubes  have  occurred,  and 
even  explosions  caused  by  low  water  in  boilers  while 
the  gauge  glass  showed  the  water  to  be  at  a  safe  height. 
But  owing  to  the  connections  having  become  plugged 
with  scale,  the  water  in  the  glass  had  no  connection 
whatever  with  that  in  the  boiler,  and  the  water  column 
was  therefore  worse  than  useless. 

The  above  remarks  apply  particularly  to  horizontal 
return  tubular  boilers.  In  the  case  of  water  tube  boilers 
the  location  of  the  gauge  glass  as  regards  height  is  gov- 
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emed  by  the  desired  level  of  the  water  in  steam  drum, 
or  druma 

Safety  Valves.  The  modem  pop  valve  is  generally  re- 
liable, but,  like  everything  else,  if  it  is  allowed  to  stand 
idle  too  long  it  is  likely  to  become  rusty  and  stick 
Therefore  it  should  be  allowed  to  blow  of?  at  least  once 
or  twice  a  week  in  order  to  keep  it  in  good  condition. 


Pig.  55.     Pop  Valve. 


Most  pop  valves  for  stationary  boilers  are  provided 
with  a  short  lever,  and  if  at  any  time  the  valve  does 
not  pop  when  the  steam  gauge  shows  the  pressure  to 
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be  high  enough,  it  can  generally  be  started  by  a  light 
blow  on  the  lever  with  a  hammer. 

The  ratio  of  Safety  valve  area  to  that  of  grate  surface 
is,  for  the  old  style  lever  and  weight  valve,  1  sq.  in.  of 
valve  area  for  each  2  sq.  ft.  of  grate  surface,  and  for 
pop  valves  1  sq.  in.  of  valve  area  for  each  3  sq.  ft. 
of  grate  surface. 

Each  boiler  in  a  battery  should  have  its  own  safety 
valve,  and,  in  fact,  be  entirely  independent  of  its  mates 
as  regards  safety  appliances. 


One  example  of  safety  valve  computation  will  be 
given.  Suppose  the  grate  surface  of  a  boiler  is  5X6== 
30  sq.  ft.,  what  should  l)e  the  diameter  of  the  lever  safety 
valve  f  The  required  area  of  the  valve  is  30-f-2=15  sq. 
in.  Then  15-^-. 7854=1 9,  which  is  the  square  of  the  di- 
ameter of  the  valve.  Extracting  the  square  root  of  19 
gives  4.35  in.  diameter  of  valve.  In  actual  practice  one 
5  in.  or  two  3  in.  lever  safety  valves  would  be  required. 
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If  a  pop  valve  is  to  be  used  the  required  area  is  30-r-3= 
10  sq.  in.    Then  10-7-.7854=12.73=square  of  diameter 


rr-n 


Fig.  57. 


of  valve.  Extract  the  square  root  of  12.73  and  the  re- 
sult is  3.6  in.=diameter  of  valve.  In  practice  a  4  in. 
valve  would  be  required. 
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Regarding  the  pressure  at  which  a  spring-loaded  or 
pop  safety  valve  will  blow  off,  it  is  first  necessary  to 
ascertain  by  experiment  the  force  required  to  compress 
the  spring.  The  pressure  at  which  a  spring  will  yield 
depends  not  only  upon  the  shape  and  size  of  the  ma- 
terial of  which  it  is  made,  the  diameter,  number  and 
pitch  of  the  coils,  all  of  which  are  measurable  and  de- 
terminable, but  upon  the  nature  and  condition  of  the 
material  itself. 

For  instance,  a  spring  of  brass  will  compress  with  less 
pressure  than  one  of  steel,  similar  in  every  other  re- 
spect, and  there  is  such  a  wide  difference  in  steels  that 
there  will  be  a  great  deal  of  difference  in  tte  action  of 
steel  springs  according  to  the  kind  of  metal,  degree  of 
temper,  etc. 

The  following  rule  may  be  used  in  calculations  of  this 
character : 

BULB. 

Multiply  the  compression  in  inches  by  the  fourth  power 
of  the  tJi  ickness  of  the  steel  in  sixteenths  of  an  inch,  and 
by  22  for  round  or  30  for  square  steel.    Product  I. 

Multiply  the  cube  of  the  diameter  of  the  spring,  meas- 
ured from  colter  to  center  of  the  coU  (as  on  the  line  d, 
in  Fig.  56)  in  inches,  by  the  number  of  free  coils  in  the 
spring,  and  by  the  area  of  the  valve  in  square  inches. 
Product  II, 

Divide  Product  I  by  Product  II  and  the  quotient  will 
be  the  pressure  per  square  inch  at  which  the  valve  wiU 
blow  off. 

With  a  dead  weight  or  a  lever-loaded  valve  the  force 
required  to  lift  it  remains  the  same,  no  matter  how  high 
the  valve  lifts.    The  weights  weigh  no  more  if  they  are 
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raised  an  inch  or  two,  and  the  leverage  does  not  change, 
but  with  the  spring-loaded  valve,  the  more  the  valv€  lifts 


Inside  View   of  a   Pop   Safety  Valve. 


the  more  the  spring  is  compressed,  and  the  more  force  is 
required  to  compress  or  bold  it.    It  follows  then  that 
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if  an  ordinary  v-alve  were  loaded  with  a  spring  it  would 
simply  crack  open  and  commence  to  sizzle  when  the  pres- 
sure equaled  the  force  at  which  the  spring  was  set,  and 
that  if  this  were  not  enough  to  relieve  the  boiler  the 
pressure  would  have  to  increase,  opening  the  valve  more 
and  more  until  the  steam  blew  off  as  fast  as  it  was  made. 

But  the  ideal  valve  should  stay  on  its  seat  until  the 
pressure  reaches  the  desired  limit,  then  open  wide  and 
discharge  the  excess.  This  result  is  accomplished  by  the 
construction  shown  in  Fig.  57.  With  the  first  opening 
of  the  valve  the  steam  passes  into  the  little  ''huddling 
chamber"  made  by  the  cavity  near  the  overhanging  edge 
of  the  valve,  and  a  similar  cavity  surrounding  the  seat. 
The  pressure  which  accumulates  here,  acting  on  the  addi- 
tional area  of  the  valve,  raises  it  sharply  with  the  **pop'' 
which  gives  the  valve  its  name,  and  it  is  sustained  by  the 
impact  and  reaction  of  the  issuing  steam  until  the  pres- 
sure has  subsided  sufficiently  to  allow  the  spring  to  over- 
come these  actions. 

A  short  space  will  be  devoted  to  the  consideration  of 
the  lever  safety  valve  also,  as  it  may  be  of  interest  to 
some  students. 

The  U.  S.  marine  rule  for  lever  valves  is  here  re- 
peated: **  Lever  safety  valves  to  be  attached  to  marine 
boilers  shall  have  an  area  of  not  less  than  one  square 
inch  to  every  two  square  feet  of  grate  surface  in  the 
boiler,  and  the  seats  of  all  such  safety  valves  shall  have 
an  angle  of  inclination  of  45°  to  the  center  line  of  their 
axis." 

In  order  to  arrive  at  accurate  results  in  lever  safety 
valve  calculations  it  is  necessary  to  know  first  the  num- 
ber of  pounds  pressure  exerted  upon  the  stem  of  the 
valve  by  the  lever  itself,  irrespective  of  the  weight,  also 
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tile  weight  of  the  valve  and  stem,  as  all  these  weights 
together  with  the  weight  of  the  ball  suspended  upon  the 
lever  tend  to  hold  the  valve  down  against  the  pressure  of 
the  steam.  The  effective  weight  of  the  lever  can  be  ascer- 
tained by  leaving  it  in  its  position  attached  to  the  ful- 
crum and  connecting  a  spring  balan-ce  scale  to  it  at  a 
point  where  it  rests  on  the  valve  stem.  The  weight  of  the 
valve  and  stem  can  also  be  found  by  means  of  the  scale. 
When  the  above  weights  are  known,  together  with  the 
weight  at  the  end  of  the  lever  and  its  distance  from  the 
fulcrum,  also  the  area  of  the  valve  and  its  distance  from 
the  fulcrum,  the  pressure  at  which  the  valve  will  blow 
can  be  found  by  the  following  rules: 

Rule  1.  Multiply  the  weight  by  its  distanc^e  from  the 
fulcrum.  Multiply  the  weight  of  the  valve  and  lever  by 
the  distance  of  the  stem  from  the  fulcrum  and  add  this  to 
the  former  product.  Divide  the  sum  of  the  two  products 
by  the  product  of  the  area  of  the  valve  multiplied  by 
the  distance  of  its  stem  from  the  fulcrum.  The  result 
will  be  pressure  in  pounds  per  square  inch  required  to 
lift  the  valve. 

Example,    Diameter  of  valve,  3  in. 
Distance  of  stem  from  fulcrum,  3  in. 
Effective  weight  of  lever,  valve  and  stem,  20  lbs. 
Weight  of  ball,  50  lbs. 
Distance  of  ball  from  fulcrum,  30  in. 
Required  pressure  at  which  the  valve  will  blow  off, 
50  X  3D  -f  20  X  3  =  1560. 

Area  of  valve,  7.0686  X  3  =  21.2058. 
1560  -r-  21.2058  =  73.57  lbs.  pressure. 

When  the  pressure  at  which  it  is  desired  the  valve 
should  blow  off  is  known,  together  with  the  weights  of 
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all  the  parts,  th«  proper  distance  from  the  fulcrum  at 
which  to  place  the  weight  is  ascertained  by  Rule  2. 

Rule  2.  Multiply  the  area  of  the  valve  by  the  pres- 
sure and  from  the  product  subtract  the  effective  weight 
of  the  valve  and  lever.  Multiply  the  remainder  by  the 
distance  of  the  stem  from  the  fulcrum  and  divide  by 
the  weight  of  the  ball.  The  quotient  will  be  the  required 
distance. 

Example.    Area  of  valve,  7.07  sq.  in. 

To  blow  off  at  75  lbs. 

Effective  weight  of  lever  and  valve,  20  lbs. 

Weight  of  ball,  50  lbs. 

Distance  of  valve  stem  from  fulcrum,  3  in. 

7.07X75  —  20  =  510.25. 

510.25  X  3  -^  50  =  30.6  in.,  distance  from  fulcrum  at 
which  to  place  the  ball. 

When  the  pressure  is  known,  together  with  the  distance 
of  the  weight  from  the  fulcrum,  the  weight  of  the  ball 
is  obtained  by  Rule  3. 

Rule  3,  Multiply  the  area  of  the  valve  by  the  pressure 
and  from  the  product  subtract  the  effective  weight  of 
the  lever  and  valve.  Multiply  the  remainder  by  the  dis- 
tance of  the  stem  from  the  fulcrum  and  divide  by  the 
distance  of  the  ball  from  the  fulcrum.  The  quotient  will 
be  the  required  weight. 

Example,     Area  of  valve 7.07  sq.  in. 

Pressure  in  pounds  per  square  inch 80  lbs. 

Effective  weight  of  lever  and  valve 20  lbs. 

Distance  of  stem  from  fulcrum 3  in. 

Distance  of  weight  from  fulcrum 30  in. 

7.07X80  —  20  =  545.6. 

545.6  X  3 -f- 30  =  54.56  lbs.,  weight  of  ball. 
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Safety  valves,  especially  those  of  the  lever  type,  are 
Kable  to  become*  corroded  aiKi  stick  to  their  seats  if  al- 
lowed to  go  any  great  length  of  time  without  blowing. 
Therefore  it  is  good  practice  to  raise  the  steam  pressure 
''  to  the  blowing  off  point  at  least  two  or  three  times  a  week, 
or  oftener,  for  the  purpose  of  testing  the  valve.  If  it 
opens  and  releases  the  steam  at  the  proper  point  all  is 
well,  but  if  it  does  not,  it  should  be  looked  after  forth- 
with. Generally  the  mere  raising  of  the  lever  by  hand, 
or  a  few  taps  with  a  hammer  if  it  be  a  pop  valve,  will 
free  it  and  cause  it  to  work  all  right  again ;  but  if  this 
treatment  has  to  be  resorted  to  very  often  the  valve 
should  be  taken  down  and  overhauled.  In  too  many 
steam  plants  not  enough  importance  is  attached  to  the 
safety  valve.  The  fact  is,  it  is  one  of  the  most  useful  and 
important  adjuncts  of  a  boiler,  and  if  neglected  serious 
results  are  sure  to  follow. 

STEAM  GAUGES. 

There  are  different  types  of  steam  gauges  in  use,  but  the 
one  most  commonly  used^  and  which  no  doubt  is  the  most 
reliable,  is  known  as  the  Bourdon  spring  gauge.  This 
gauge  consists  of  a  thin,  curved,  flattened  metallic  tube, 
closed  at  both  ends  and  connected  to  the  steam  space  of 
the  boiler  by  a  small  pipe,  bent  at  some  portion  of  its 
length  into  a  curve  or  circle  that  becomes  filled  with 
water  of  condensation,  and  thus  prevents  the  hot  live 
steam  from  coming  directly  in  contact  with  the  spring, 
while  at  the  time  the  full  pressure  of  steam  in  the  boiler 
acts  upon  the  spring,  tending  to  straighten  it.  The  end 
or  ends  of  the  spring  being  free  to  move,  and  connected 
by  suitable  geared  rack  and  pinion  with  the  pointer  of 
the  gauge,  this  hand  or  pointer  is  caused  to  move  across 
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the  dial,  thus  indicating  the  pressure  of  steam  per  square 
inch  in  the  boiler.  When*  there  is  no  pressure  in  the 
boiler  the  hand  should  point  to  0. 


Fig.    58a.     Auxiliary    Spring    Pressure    Gauge,    Sectional    View. 

Steam  gauges  should  be  tested  frequently  by  compar- 
ing them  with  a  test  gauge  that  has  been  tested  against 
a  column  of  mercury. 

There  should  always  be  a  trap  or  siphon  in  the  gauge 
pipe  in  order  to  retain  the  water  of  condensation,  so  as 
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to  prevent  the  hot  st^am  from  coming  in  contact  with  the 
spring. 

If  at  any  time  the  water  is  drained  from  the  siphon, 
care  should  be  exercised  in  turning  on  the  steam  again, 
by  allowing  it  to  flow  in  very  dowly  at  first  until  the 
siphon  is  again  filled  with  water. 


Fig.    585.     Auxlliaiy    Spring   Pressure   G&uge. 


The  steam  gauge  and  the  safety  valve  should  be  com- 
pared frequently  by  raising  the  steam  pressure  high 
enough  to  cause  the  valve  to  open  at  the  point  for  which 
it  is  set  to  blow. 
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BURSTING  PRESSURE  AND  SAFE  WORKING  PRESSURE  OP 
BOILERS. 

Bursting  Pressure.  The  query  might  arise,  why  should 
the  longitudinal  or  side  seams  require  to  be  stronger  than 
the  girth  or  round  about  seams  T  The  answer  is,  that  the 
force  tending  to  rupture  the  boiler  along  the  line  of  the 
longitudinal  seams  is  proportional  to  the  diameter  di- 
vided by  two,  while  the  stress  tending  to  pull  it  apart 
endwise  is  only  one-half  that,  or  proportional  to  the 
diameter  divided  by  four. 


A  i 


f 


l^fV'^r 


Fig.  59. 

To  illustrate,  let  Fig.  59  represent  the  shell  of  the 
boiler  heretofore  referred  to,  ignoring  for  the  time  being 
the  tubes  and  braces,  and  consider  the  boiler  simply  as  a. 
hollow  cylinder.  Now  the  total  force  tending  to  rupture 
the  boiler  along  the  line  of  the  girth  seams  or  in  the 
direction  of  the  horizontal  arrows  =  area  of  one  head  in 
square  inches  X  pressure  in  pounds  per  square  inch. 
It  is  true  that  the  pressure  is  exerted  against  both  heads, 
but  the  area  of  one  head  can  only  be  considered  for  the 
reason  that  the  two  stresses  are  exerted  against  each 
other  just  as  in  the  case  of  two  horses  pulling  against 
each  other,  or  in  opposite  directions  on  the  same  chain. 
The  stress  on  the  chain  will  be  what  each  horse  (not 
both)  pulls.     To  further  illustrate,  suppose  one  of  the 
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horses  to  be  replaced  by  a  permanent  post  or  wall  and 
•et  one  end  of  the  chain  be  attached  thereto.  One  head 
or  one  side  of  the  boiler  pulls  against  the  other,  and  the 
stress  on  the  seams  is  the  force  with  which  each  (not 
both)  pulls.  Referring  again  to  Pig.  59,  area  of  one 
head  =  60*  X  .7854  =  2827.4  sq.  in.  Suppose  there  is 
a  pressure  of  10  lbs.  per  square  inch  in  the  boiler.  Then 
total  stress  on  the  girth  seams  =  2827.4  X  10  =28,274 
lbs.  Opposed  to  this  pull  is  the  entire  circumference  of 
the  boiler,  which  is  60  X  3.1416  =  188.5  in.  Therefore, 
dividing  total  pressure  (28,274  lbs.)  by  the  circumferenoe 
in  inches  (188.5)  will  give  150  lbs.  as  the  stress  on  each 
inch  of  the  girth  seams.  While  the  stress  on  each  inch 
of  the  longitudinal  seams  or  along  the  line  A  B,  Fig.  59, 
and  which  is  exerted  in  the  direction  of  the  vertical  ar- 
rows,  is  pressure  (10  lbs.)  X  one-half  the  diameter  (30 
in.)  =300  lbs.  One-h«lf  the  diameter  is  used  because 
the  pressure  in  any  direction  is  effective  only  on  the  sur- 
face at  right  angles  to  that  direction. 

The  formula  for  finding  the  bursting  pressure  of  a 
boiler  may  be  expressed  as  follows: 

T  S  y  T 
B=— ^^5 ^  which  B  =  bursting  pressure. 

T.S.  =  tensile  strength. 
T  =  thickness  of  sheet. 
B=  radius  or  one-half  the  diam. 

Example.     T.  S.  =  55,000  lbs.  per  square  inch. 

T  =  %  in.  (expressed  decimally  =  .375 
in.). 
R  =  30  in. 

Then  55,000  X  .375  -r-  30  =  687.5  lbs.  per  square  inch, 
which  is  the  pressure  at  which  rupture  would  take  place 
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provided  there  were  no  seams  in  the  boiler  and  the  (»rig- 

inal  strength  of  the  sheet  was  retained,  but,  as  has  been 

aeeiiy  a  certain  percentage  of  strength  is  lost  through 

punching  or  drilling  the  necessary  rivet  holes,  and  this 

must  be  taken  into  account. 

The    formula    now    becomes,    for    double    riveting, 

-.      T.S.  X  T  X  .70  .       , .  ,   ^,     I  ^^  ^, 

B= ^ ,  in  which  the  letters  preserve  the 

same  value  as  in  the  original  formula,  but  the  result  is 
reduced  by  multiplying  by  the  decimal  .70,  which  rep- 
resents the  percentage  of  strength  retained  by  double- 
riveted  seams.    Consequently  B  will  now  = 

55,000  X  .375  X  .70 


30 


=  481  lbs. 


In  case  the  seams  are  all  single  riveted  .56  must  be 
substituted  for  .70,  and  with  triple-riveted  butt  joints  .88 
can  safely  be  used. 

Safe  Working  Pressure.  In  order  to  ascertain  the  safe 
working  pressure  of  a  boiler  it  is  necessary  first  to  calcu- 
late the  bursting  pressure  and  divide  this  by  another 
factor  called  the  factor  of  safety.  The  one  most  com- 
monly used  for  boilers  is  5,  or  in  other  words  the  safe 
working  pressure  =  one-fifth  the  bursting  pressure.  In 
the  case  of  the  boiler  under  consideration,  the  safe  pres- 
sure would  be  481-^5  =  96  lbs.,  at  which  point  the 
safety  valve  should  blow  off. 

Fusible  Plugs.  A  fusible  plug  should  be  inserted  in 
that  part  of  the  heating  surface  of  a  boiler  which  is  first 
liable  to  be  overheated  from  lack  of  water. 

In  a  horizontal  tubular  or  return  flue  boiler  the  proper 
location  for  the  fusible  ping  is  in  the  back  head  about 
114  or  2  in.  above  the  top  row  of  tubes.  In  fire-box  boilers 
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the  plug  can  be  put  into  the  crown  sheet  directly  over  the 
fire.  These  plugs  should  be  made  of  brass  with  hexagon 
heads  and  standard  pipe  threads,  in  sizes  y^,  %,  1  in.,  or 
even  larger  if  desired.  A  hole  drilled  axially  through  the 
center  and  counter  sunk  in  the  end  that  enters  the  boiler 
is  filled  with  an  alloy  of  such  composition  that  it  will 
melt  and  run  out  at  the  temperature  of  the  dry  steam  at 
the  pressure  carried  in  the  boiler.  Thus,  if  the  water 
should  get  below  the  plug  the  dry  steam,  coming  in  con- 
tact with  the  fusible  alloy,  melts  it  and,  escaping  through 
the  hole  in  the  plug,  gives  the  alarm,  and  in  case  of  fire- 
box or  internally  fired  boilers  the  steam  will  generally  ex- 
tinguish the  fire  also.  The  hole  is  counter  sunk  on  thi* 
inner  end  of  the  plug  so  as  to  retain  the  fusible  metal 
against  the  boiler  pressure.  These  plugs  should  be  looked 
after  each  time  the  boilers  are  washed  out,  and  all  dirt 
and  scale  should  be  cleaned  off  in  order  that  the  fusible 
metaj  may  be  exposed  to  the  heat. 

Another  type  of  fusible  plug  consists  of  a  small  brass 
cylinder  into  one  end  of  which  is  screwed  a  plug  filled 
with  a  metal  which  will  fuse  at  the  temperature  of  dry 
steam  at  the  pressure  which  is  to  be  carried  in  ths  boiler. 
The  other  end  of  the  cylinder  is  reduced  and  fitted  with 
a  small  stop  valve  and  threaded  to  screw  into  a  brass 
bushing  inserted  into  the  top  of  the  br.iler  shell.  This 
bushing  also  receives  at  its  lower  end  a  piece  of  ^/^  or  % 
in.  pipe  which  extends  downwards  to  within  2  in.  of  the 
top  row  of  tubes,  or  the  crown  sheet,  if  the  boiler  is  in- 
ternally fired.  The  principle  of  the  device  is  that  in  case 
the  water  falls  below  the  lower  end  of  the  pipe,  steam 
will  enter,  fuse  the  metal  in  the  plug,  and  be  free  to  blow 
and  give  warning  of  danger.  Some  of  these  appliances 
^e  fitted  with  whistles  which  are  sounded  in  case  the 


144  POWER  STATIONS 

steam  gets  access  to  them.  But  even  with  such  devices 
no  engineer  can  aflford  to  relax  his  own  vigilance,  and 
depend  entirely  upon  the  safety  appliances  to  prevent  ac- 
cidents from  low  water. 

Feed  Pipes.  Authorities  diflfer  in  regard  to  the  proper 
location  of  the  inlet  for  the  feed  pipe,  but  upon  one  point 
all  are  agreed,  namely,  that  the  feed  water,  which  is  al- 
ways at  a  lower  temperature  than  the  water  in  the  boiler, 
should  not  be  allowed  to  come  directly  in  contact  with 
the  hot  boiler  sheets  until  its  temperature  has  been  raised 
to  within  a  few  degrees  of  the  temperature  of  the  water 
in  the  boiler.  Certainly  one  of  the  most  fruitful  sources 
of  leaks  in  the  seams,  and  around  the  rivets  is  the  practice 
of  introducing  the  feed  water  into  the  bottom  either  at 
the  back  or  front  ends  of  boilers,  as  is  too  often  the  case. 
The  cool  water  coming  directly  in  contact  with  the  hot 
sheets  causes  alternate  contraction  and  expansion,  and 
results  in  leaks,  and  very  often  in  small  cracks  in  the 
sheet,  the  cracks  extending  radially  from  the  rivet  holes. 
It  would  appear  that  the  proper  method  is  to  connect  the 
feed  pipe  either  into  the  front  head  just  above  the  tubes, 
or  into  the  top  of  the  shell.  The  nipple  entering  the 
boiler  should  have  a  long  thread  cut  on  the  end  which 
screws  into  the  sheet,  and  to  this  end  inside  the  boiler 
there  should  be  connected  another  pipe  which  shall  ex- 
tend horizontally  at  least  two-thirds  of  the  length  of  the 
boiler,  resting  on  top  of  the  tubes,  and  then  discharge. 
Or,  what  is  still  better,  allow  the  internal  pipe  to  extend 
from  the  entering  nipple  at  the  front  end  to  within  a 
few  inches  of  the  back  head,  then  at  right  angles  across 
the  top  of  the  tubes  to  the  other  side,  and  from  there  dis- 
charge downward.  By  this  method  the  feed  water  is 
heated  to  nearly,  if  not  quite,  the  temperature  of  the 
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water  in  the  boiler  before  it  is  discharged.  One  of  the 
objections  to  this  system  is  the  liaibility  of  the  pipe  inside 
the  boiler  to  become  filled  with  scale  and  finally  plugged 
entirely.  In  such  cases  the  only  remedy  is  to  replace  it 
with  new  pipe.  But  the  great  advantage  of  having  the 
water  thoroughly  heated  before  being  discharged  into 
the  boiler  will  much  more  than  compensate  for  the  extra 
expense  of  piping,  and  the  general  idea  of  introducing 
the  feed  water  at  the  top,  instead  of  at  the  bottom  of  the 
boiler  is  therefore  recommended  as  being  the  best. 

The  diameter  of  feed  pipes  ranges  from  1  in.  for  small 
sized  boilers,  up  to  l^/^  and  2  im  for  boilers  of  54  to  72 
in.  in  diameter.  It  is  not  good  policy  to  have  the  feed 
pipe  larger  than  neceasary  for  the  capacity  of  the  boiler ; 
because  it  then  acts  as  a  sort  of  cooling  reservoir  for  the 
feed  water,  and  may  cause  considerable  loss  of  heat. 

For  batteries  of  two  or  more  boilers  it  is  necessary  to 
run  a  main  feed  header,  with  branch  pipes  leading  to 
each  boiler.  The  header  should  be  large  enough  to  sup- 
ply all  the  boilers  at  the  same  time,  should  it  ever  be- 
come necessary  to  do  so.  The  header  can  be  run  along 
the  front  of  the  boilers  just  above  the  fire  doors,  with  the 
branch  pipes  running  up  on  either  side,  clear  of  the  flue 
doors  and  entering  the  front  connection,  or  smoke  arch, 
and  the  boiler  head  at  a  point  two  inches  above  the  tubes. 
There  should  always  be  a  valve  in  each  branch  pipe  be- 
tween the  check  valve  and  the  header  for  the  purpose  of 
regulating  the  supply  of  water  to  each  boiler,  and  also 
for  shutting  off  the  pump  pressure  in  case  of  needed 
repairs  to  the  check  valve.  Another  valve  should  be 
placed  between  the  check  valve  and  the  boiler.  By  this 
arrangement  it  is  always  possible  to  get  at  the  check 
valve  when  it  is  out  of  order. 
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Blow  Off  Pipes,  Blow  ofif  pipes  should  always  be  con- 
nected with  the  lowest  part  of  the  water  space  of  a  boiler, 
li  there  is  a  mud-drum,  then  of  course  the  blow  oflf 
should  be  connected  with  it ;  but  if  there  is  no  mud-drum, 
the  blow  off  should  connect  with  the  bottom  of  the  shell, 
near  the  back  head,  extend  downwards  to  the  floor  of 
the  combustion  chamber,  and  thence  horizontally  out 
through  the  back  wall,  where  the  blow  off  cock  can  be 
located. 

The  best  blow  off  cocks  are  the  asbestos  packed,  iron- 
body  plug  cocks,  which  are  durable  and  safe.  A  globe 
valve  should  never  be  used  in  a  blow  off  pipe,  because 
the  scale  and  dirt  will  lodge  in  it  and  prevent  its  being 
closed  tightly.  A  straight  way  or  gate  valve  is  not  ao 
bad,  but  an  asfbestos  packed  plug  cock  is  undoubtedly 
the  best  and  safest. 

In  order  to  protect  the  blow  off  pipe  from  the  intense 
heat,  a  shield  consisting  of  a  piece  of  larger  pipe  can 
be  slipped  over  the  vertical  part  before  it  is  connected. 

Blow  off  cocks  should  be  opened  for  a  few  seconds 
once  or  twice  a  day,  to  allow  the  scale  and  mud  to  be 
blown  out.  If  neglected  too  long  they  are  liable  to 
become  filled  with  scale  and  burn  out.  A  plan  which 
is  said  to  give  good  results  is  to  connect  a  tee  in  the 
horizontal  part  of  the  pipe,  and  from  this  tee  run  a  1 
in.  pipe  to  a  point  in  the  back  head  at  the  water  level. 
It  is  claimed  that  this  will  cause  a  circulation  of  water 
in  the  pipe  and  prevent  the  formation  of  scale. 

A  surface  blow  off  is  a  great  advantage,  especially  if 
the  water  is  muddy  or  liable  to  foam.  By  having  the 
surface  blow  off  connected  on  a  level  with  the  water 
line  a  large  amount  of  mud,  and  other  matter  which  is 
kept  on  the  surface  by  the  constant  ebullition  can  be 
blown  out. 
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A  combination  surface  blow  off,  bottom  blow  off  and 
circulating  system  can  be  arranged  by  a  connection  such 
as  illustrated  in  Pig.  60.  By  closing  cock  A  and  opening 
cocks  B  and  C  the  bottom  blow  off  is  put  in  operation ; 
by  closing  B  and  opening  A  and  C  the  surface  blow 
off  is  started,  and  by  closing  C  and  leaving  A  and  B 


fl^.  60. 


open  the  device  will  act  as  a  circulating  system.  The 
pipe  should  be  of  the  same  size  throughout.  Blow  off 
pipes  should  be  of  ample  size,  never  less  than  IVl  in., 
and  from  that  to  2V^  in.,  depending  upon  the  §ize  of 
the  l>9il?r. 
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Feed  Pumps.  The  belt  driven  power  pump  is  the 
most  economical  boiler  feeder,  but  is  not  the  most  con- 
venient nor  the  safest.  When  the  engine  stops,  the 
pump  stops  also,  and  sometimes  it  happens  that  the  belt 
gives  way  and  the  pump  stops  at  just  the  time  when 
the  boiler  is  being  worked  the  hardest. 


Fig.  61.     Differential  Valve,  Davis  Pump. 

The  modern  double  acting  steam  pump,  of  which  there 
are  many  difiEerent  makes  to  choose  from,  is  without 
doubt  the  most  reliable  boiler  feeding  appliance,  and  the 
one  best  adapted  to  all  circumstances  and  conditions, 
although  it  is  not  economical  in  the  use  of  steam,  since 
the  principle  of  expansion  cannot  be  carried  out  with 
the  pump  as  with  the  engine. 

In  selecting  a  feed  pump  care  should  be  exercised  to 
see  that  it  is  of  the  proper  size  and  capacity  to  supply 
the  masimum  quantity  of  water  that  the  boiler  can  evap- 
orate. This  may  be  ascertained  by  taking  into  consid- 
eration the  amount  of  heating  surface  and  the  required 
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consumption  of  coal  per  square  foot  of  grate  surface  per 
hour.  Pirs-t,  take  the  coal  consumption.  Assume  the 
boiler  to  have  30  sq.  ft.  of  grate  surface,  and  that  it  is 
desired  to  bum  15  lbs.  of  coal  per  square  foot  of  grate 
per  hour,  which  is  a  good  average  with  the  ordinary 
hand  fired  furnace  using  bituminous  coal.  Suppose  the 
boiler  is  capable  of  evaporating  8  lbs.  of  water  per  pound 
of  coal  consumed.    Then  30  X  15  X  8  =  3,600  lbs.  of 


Fig.    62.     Davis   Belt  Driven   Feed   Pump. 


water  evaporated  per  hour.  Dividing  3,600  by  62.4  (the 
weight  of  a  cubic  foot  of  water  in  pounds)  gives  57.6  cu. 
ft.  per  hour,  which,  divided  by  60,  gives  0.96  cu.  ft.  per 
minute.  This  multiplied  by  1,728  (number  of  cubic 
inches  in  a  cubic  foot)  gives  1,659  cu.  in.  per  minute 
which  the  pump  is  required  to  supply.  Suppose  the  pump 
is  to  make  forty  strokes  per  minute,  and  the  length  of 
stroke  is  five  inches.    Then  1,659  -^-  40  =  41.47  cu.  in. 
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per  srtroke,  which,  divided  by  5  (length  of  stroke  in 
inches)  gives  8.294  sq.  in.  as  the  required  area  of  water 
piston.  8.294-^.7854  =  10.56,  which  is  the  square  of 
the  corresponding  diameter,  and  the  square  root  of 
10.56  =  3.25.  So,  theoretically,  the  size  of  the  water 
end  of  the  pump  would  be  314  in.  in  diam-eter  by  5  in. 
stroke;  but  as  it  is  always  safer  to  have  a  reserve  of 
pumping  capacity,  the  proper  size  of  the  pump  would 
be  SY2  ill-  ill  diameter,  by  5  in.  stroke,  with  a  steam  cyl- 
inder of  6  or  7  in.  in  diameter. 


Fig.  63.     Sectional  V|ew  of  Differential  Valy^, 


There  is  another  rule  for  ascertaining  the  size  of  tfeo 
feed  pump,  viz.,  by  taking  the  number  of  square  feet  of 
Jieating  surface  in  the  boiler  and  allow  a  pump  capacity 
of  1  cu.  ft.  per  hour  for  each  15  sq.  ft.  of  heating  surr 
face.  Thus,  let  the  total  heating  surface  of  the  boiler 
be  786  sq.  ft.  Dividing  this  by  15  gives  52.4  as  the 
number  of  cubic  feet  of  water  required  per  hour,  from 
which  the  pump  dimensions  may  be  found  i©  the  same 
way  as  in  the  preceding  case, 
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In  figuring  on  the  capacity  of  a  feed  pump  for  a  bat- 
terj'  of  two  or  more  boilers,  the  total  quantity  of  water 
required  by  all  the  boilers  must  be  taken  into  consid- 
eration. All  boiler-rooms  should  be  supplied  with  at 
least  two  feed  pumps,  so  that  if  one  breaks  down  there 
may  always  be  another  one  available. 


Pig.   64.     Worthlngton  Duplex  Boiler  Feed  Pump. 

,Hard  rubber  valves  are,  all  things  considered,  the 
best  for  a  boiler  feed  pump, .  as  they  are  not  affected 
by  hot  water  and  do  not  hammer  the  seats  like  metallic 
composition  valves  do.  Every  boiler  feed  pump  should 
be  fitted  with  a  ^ood  sight-feed  lubricator  for  cylinder 
oil.  The  steam  valve  mechanism  of  a  steam  pump  is 
very  sensitive  and  delicate,  and  requires  good  lubrication 
in  order  to  do  good  work.  In  too  many  cases  feed  pumps 
are  fitted  with  an  old  style  cylind'er  oil  cup  and  there 
is  generally  more  oil  on  the  outside  of  the  valve  chest 
than  there  is  inside,  while  the  valve  is  bulldozed  into 
working  by  frequent  blows  from  a  convenient  club. 

The  steam  valves  of  all  steam  pumps  are  adjusted 
before  they  are  sent  out  from, the  factory,  and  most  of 
them  are  arranged  so  that  the  stroke  may  be  shortened 
or  lengthened  as  the  engineer  desires.     It  is  best,  as  a 
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rule,  to  allow  a  pump  to  make  as  long  a  stroke  as  it  will 
without  striking  the  heads,  because  then  the  parts  are 
worn  evenly. 

Sometimes  an  engineer  is  called  upon  to  set  the  valves 
of  a  duplex  pump  which  have  become  disarranged.  In 
such  a  case  he  should  proceed  as  folows:  Place  both 
pistons  exactly  at  mid-stroke.  This  may  be  done  in  two 
ways.  First,  by  dropping  a  plummet  line  alongside  the 
levers  connecting  the  rock  shafts  with  the  spools  on  the 


Pig.    65.     Phantom  View  of   Marsh  Indepeadent   Steam  Pomp. 


piston  rods.  Then  bring  the  rods  to  the  position  where 
the  centers  of  the  spools  will  be  in  a  vertical  line  with 
the  centers  of  the  rock  shafts. 

The  second  method  is  to  move  the  piston  to  the  ex- 
treme end  of  the  stroke  until  it  comes  in  contact  with 
the  cylinder  head.  Then  mark  the  rod  at  the  face  of 
the  stuffing  box  gland.     Next  move  the  piston  to  the 


PEED  PUMPS 


153 


other  end  of  the  stroke  and  nmrk  the  rod  at  the  oppo- 
site gland.  Now  make  a  mark  on  the  rod  exactly  half 
way  between  the  two  outside  marks  and  move  the  piston 
back  until  the  middle  mark  is  at  the  face  of  the  gland 
and  the  piston  will  be  at  mid-stroke.  Having  placed 
both  pistons  at  mid-stroke,  remove  the  valve  chest  covers 
and  adjust  the  valves  in  their  central  position,  viz.,  so 


Fig.    66.     THE    WORTHINGTON    COMPOUND    STEAM    PUMP. 
Piston   Pattern,   for  General   Service — For  150   Pounds  Water  Pressure. 

that  they  cover  the  steam  ports.  The  valve  rod  being 
in  position  and  connected  to  the  rocker  arms  by  means 
of  the  short  link,  the  nut  or  nuts  securing  the  valve  to 
the  rod  should  be  so  adjusted  as  to  be  equidistant  from 
the  lugs  on  the  valve,  say  3/32  or  %  of  an  inch,  accord- 
ing to  the  amount  of  lost  motion  desired,  which  latter 
factor  governs  the  length  of  stroke  in  some  makes  of 
duplex  pumps,  while  in  others  it  is  controlled  by  tappets 
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on  the  valve  rod  outside  of  the  valve  chest.  Care  should 
be  taken  while  making  these  adjustments  that  the  valve 
be  retained  exactly  in  its  central  position. 
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Ilavinj?  set  the  valves  correctly,  move  one  of  the  pis- 
tons far  enough  from  mid-stroke  to  get  a  small  opening 
of  the  steam  port  on  the  rpposite  side,  then  replace  tha 
valve  chest  covers  and  th?  pump  will  be  ready  to  run. 
M  these  valves  are  generally  made  without  any  outside 
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lap,  a  slight  movement  of  one  of  the  pistons  in  either 
direction  from  its  central  position  will  suffice  to  uncover 
one  of  the  ports  on  the  other  cylinder  sufficiently  to 
start  the  pump. 

Sometimes  duplex  pumps  **work  lame,*'  that  is,  one 
piston  will  make  a  quick  full  stroke,  while  the  other 
piston  will  move  very  slowly  and  just  far  enough  to 
work  the  steam  valve  of  the  opposite  side.  In  the  ma- 
jority of  cases  this  irregular  action  is  due  to  unequal 
friction  in  the  packing  of  the  rods,  or  the  packing  rings 
on  one  of  the  pistons  may  be  worn  out. 

If  one  side  of  a  duplex  pump  becomes  disabled  from 
any  cause,  as  breaking  of  piston  rod  in  the  water  cylin- 
der, for  instance,  which  is  liable  to  happen,  the  pump 
may  still  be  operated  in  the  following  manner  until 
duplicate  parts  to  replace  the  broken  ones  Have  been 
secured:  Loosen  the  nuts  or  tappets  on  the  valve  stem 
of  the  broken  side  and  place  them  far  enough  apart,  so 
that  the  steam  valve  will  be  moved  through  only  a  small 
portion  of  its  stroke,  thereby  admitting  only  steam 
enough  to  move  the  empty  steam  piston  and  rod,  and 
thus  work  the  steam  valve  of  the  remaining  side.  The 
packing  on  the  broken  rod  should  be  screwed  up  tight, 
so  as  to  create  as  much  friction  as  possible;  there  being 
no  resistance  in  the  water  end.  In  this  way  the  pump 
may  be  operated  for  several  days  or  weeks  and  thus 
prevent  a  shut  down. 

LARGE  BOILER  FEED  PUMPS. 

The  plan  of  using  one  large  pump  for  feeding  the 
boilers  has  recently  been  tried  in  several  large  power 
stations.  For  instance,  in  the  Ashley  Street  Power 
House  of  the  Union  Electric  Light  and  Power  Company 
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of  St.  Louis,  there  was  recently  installed  one  large  Pres- 
cott  steam  pump  to  take  the  place  of  four  smaller  ones 
which  had  been  in  use  for  feeding  the  boilers. 

This  pump  is  of  the  duplex  compound  cond'ensing 
type,  having  high-pressure  steam  cylinders  18  inches  in 
diameter,  low-pressure  steam  cylinders  34  inches  in 
diameter  and  water  plungers  17  inches  in  diameter,  with 
24-inch  stroke  in  each  instance.  The  normal  capacity 
of  the  pump  is  1,800  gallons  per  minute,  or  900,000 
pounds  of  water  per  hour,  which  is  equal  to  45,000  kilo- 
watts at  20  pounds  per  kilowatt-hour.  The  present  ca- 
pacity of  the  Ashley  street  power  station  is  36,000 
kilowatts. 

The  novel  departure  of  installing  a  toiler  feed-pump 
in  one  large  unit  for  this  work  will  arouse  the  interest 
of  engineers,  because  it  is  customary  to  install  several 
small  units  for  boiler-feed  purposes  in  power  plants  of 
this  size.  But  as  a  matter  of  fact,  this  large  pump  ia 
the  consummation  of  a  process  of  evolution  in  this  plant, 
which  was  at  first  equipped  with  several  small  feed- 
pumps. 

To  produce  the  most  economical  results,  the  low-pres- 
sure cylinders  and  their  heads  are  steam-jacketed;  the 
steam  valves  are  of  the  rotative  type,  there  being  one 
steam  valve  for  the  high-pressure  cylinders,  and  two  each 
for  the  low-pressure  cylinders.  The  arrangement  of  two 
steam  valves  in  the  low-pressure  steam  cylinders  reduces 
the  clearance  to  the  lowest  possible  amount.  The  water 
end  is  of  the  pot-form  type,  having  four  suction  and  dis- 
charge valves,  5%  inches  in  diameter,  in  each  quarter 
of  the  suction  and  discharge.  The  water  plungers  are 
of  cast  bronze  of  the  outside  end-packed  type. 

The  boiler  pressure  carried  is  175  pounds  per  square 
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inch.  The  pump  operates  against  a  pressure  of  225 
pounds  per  square  inch  in  the  feed-water  pipe  system 
to  the  boilers.  This  feed-water  system  is  provided  with 
a  relief  valve,  and  the  pump  is  controlled  by  a  pressure 
governor.  The  boilers  are  provided  with  thermostat 
valves,  which  allow  the  water  to  flow  into  the  boilers 
and  maintain  the  proper  level.  All  of  the  automatic 
apparatus  may  be  eonAroUed  by  hand,  when  desirable, 
for  all  the  boilers,  or  for  each  boiler  separately.  Such 
occasions  are  very  rare,  however,  as  the  pump  responds 
readily  to  changes  in  station  load,  and  is  under  perfect 
control  of  the  automatic  devices  for  controlling  and  de- 
livering the  proper  amount  of  feed- water  to  each  boiler. 

The  feed-pipe  system,  in  effect,  is  simply  a  system  of 
water  mains,  in  which  the  number  of  valves  and  fittings 
liable  to  leak  are  reduced  to  a  minimum. 

Figures  66  and  67  show  views  of  the  Worthington 
boiler  feed  pump,  adaptable  to  large  steam  plants.  In 
the  arrangement  of  steam  cylinders  shown  in  figure  66, 
the  steam  is  used  expansively,  thereby  effecting  a  great 
saving. 

Figure  68  illustrates  a  type  of  pump  which  is  rapidly 
coming  into  favor  for  feeding  boilers  against  high  pres- 
sure. The  steam  pressures  of  from  150  to  200  pounds, 
which  are  in  common  use,  require  a  more  substantial 
construction  of  feed-pump  than  the  lower  pressures  of 
a  few  years  ago.  These  machines  are  designed  for  high 
pressure  and  for  handling  either  hot  or  cold  water.  The 
steam  ends  are  made  extra  heavy  and  provided  with 
extra  strong  bolting  for  all  joints,  making  them  suitable 
for  constant  operation  under  steam  pressures  up  to  200 
pounds  per  square  inch.  The  water  ends  are  of  the 
piston  pattern,  pot-valve  type,  are  of  ample  strength 
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for  working  pressure  up  to  200  pounds  and  will  easily 
stand  test  pressure  of  300  pounds  per  square  inch.  The 
piston-pattern  construction  requires  less  room  than  the 
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outside-packed  machine  of  either  the  center-packed  or 
end-packed  type,  and,  furthermore,  doas  away  with  the 
Inr^c  outside   stuffing-boxes   and   excessive   amounts   of 
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drip.  The  pistons  are  fibrous-packed  and  are  readily 
accessible  on  removal  of  the  cylinder-heads. 

The  valves  are  in  special  valve  ch-ambers  or  pots,  lo- 
cated above  the  cylinders.  This  arrangement  provides 
for  constant  submergence  of  the  pistons,  and  the  reliabil- 
ity of  action  of  the  machine  consequent  to  such  sub- 
mergence. Bach  pot  contains  one  suction  and  one  dis- 
charge valve,  each  valve  having  an  individual  cover 
easily  removable  for  inspection.  Valves  are  of  composi- 
tion of  the  wing-guided  type,  with  bevel  seats,  and  are 
of  ample  area  for  the  requirements  of  the  service.  A 
manifold  connects  the  suction  openings  of  the  various 
pots  to  a  common  suction  inlet  and  another  manifold 
provides  a  common  discharge  outlet. 

"While  designed  primarily  for  boiler-feed'  purposes, 
these  pumps  are  very  desirable  machines  for  general 
service  against  pressures  not  exceeding  200  pounds  per 
scjuare  inch. 


HYDRAULICS  FOR  ENGINEERS. 

Among  the  many  difl&cult  problems  that  are  contin- 
ually coming  up  for  engineers  to  solve,  there  is  none 
more  perplexing  than  the  correct  calculation  of  the 
quantity  of  water  which  will  be  discharged  in  a  given 
time  from  pipes  of  various  sizes,  and  under  the  many 
different  heads  or  pressures.  Problems  in  hydraulics, 
as  given  by  the  majority  of  writers  on  engineering,  are 
usually  in  elaborate  algebraic  equations,  which,  to  the 
ordinary  working  engineer,  are  verj'  perplexing,  at  least 
the  author  has  found  them  to  be  "so  in  his  experience. 
Therefore  with  a  view  of  assisting  his  brother  engineers 
in  the  solution  of  problems  along  this  line  which  they 
may  be  called  upon  to  solve,  the  author  has  spent  con- 
sidera.ble  time  and  la)bor  in  searching  for  and  compiling 
a  few  rules  and  examples  for  hydraulic  calculations  in 
plain  arithmetic,  which  he  hopes  may  be  of  benefit. 

First,  to  find  velocity  of  flow  in  the  pump,  or  in  other 
words,  piston  speed. 

Rule.  Multiply  number  of  strokes  per  minute  by 
length  of  stroke  in  feet,  or  fractions  thereof. 

Second,  the  velocity  of  flow  in  the  discharge  pipe  is 
in  inverse  ratio  to  the  squares  of  the  diameters  of  the 
pipe  and  the  water  cylinder  of  pump. 

Thus,  a  pump  cylinder  is  6  in.  in  diameter,  and  the 
piston  speed  is  100  ft.  per  minute;  the  discharge  pipe 
being  3  in.  in  diameter.  What  is  the  velocity  of  flow 
in  the  pipe? 

Example,    -^—^  =  4.    In  this  case  the  velocity  in  the 
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pipe  is  four  times  that  in  the  pump,  and  100  X  4  =  400 
ft  per  minute,  velocity  for  water  in  the  discharge  pipe. 

Third,  to  find  velocity  in  feet  per  minute  necessary 
to  discharge  a  given  quantity  of  water  in  a  given  time. 

Rule..  Multiply  the  number  of  cubic  feet  to  be  dis- 
charged by  144  and  divide  by  area  of  pipe  in  inches. 

Fourth,  to  find)  area  of  pipe  when  the  volume  and 
velocity  of  water  to  be  discharged  are  known. 

Rule.  Multiply  volume  in  cubic  feet  by  144  and 
divide  by  the  velocity  in  feet  per  minute. 

Fifth,  one  of  the  first  requisites  in  making  correct 
calculations  of  the  quantity  of  water  discharged  from 
any  sized  pipe  is  to  Obtain  the  velocity  of  flow  per  sec- 
ond. There  are  several  rules  for  doing  this,  among 
which  the  following  appear  to  be  the  plainest  and  most 
simple : 

Rule  1.  Multiply  the  square  root  of  the  head  in  inches 
by  the  constant  27.8.  For  instance,  assume  the  head  to 
be  100  ft.  =  1,200  in.  The  square  root  of  1,200  is  35 
nearly,  then  35  X  27.8  =  973  in.  =  81  ft.  per  second 
velocity. 

Rule  2.  Multiply  the  square  root  of  the  head  in  feet 
by  the  constant  8,  as  follows :  The  square  of  100  =  10 
and  10  X  8  =  80  ft.  velocity  per  second. 

Rule  3.  Multiply  twice  the  acceleration  of  gravity  by 
the  head  in  feet  and  extract  the  square  root  of  product. 
The  acceleration  of  gravity  may  be  considiered  the  con- 
stant number  32,  neglecting  decimals,  32  X  2  X  100 
=  6,400.    Square  root  of  6,400  =  80  ft.  per  second. 

In  many  instances  it  is  more  convenient  to  use  the 
pressure  in  pounds  per  square  inch  as  shown  by  gauge 
instead  of  the  height  or  head,  and  we  can  then  apply 
Rule  4. 
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Rule  4.  Multiply  the  square  root  of  the  pressure  in 
pounds  per  square  inch  by  the  constant  number  12.16 
as  follows:  Pressure  due  to  100  ft.  head  =  44  lbs., 
nearly.  Square  root  of  44  =  6.6,  which  multiplied  by 
12.16  =  80.2  ft.  velocity  per  second. 

Having  ascertained  the  velocity  of  flow,  we  may  now 
proceed  to  calculate  the  weight  of  water  in  pounds  per 
second  discharged  from  any  size  of  pipe,  neglecting  for 
the  time  being  the  loss  in  pressure  caused  by  friction 
from  elbows  and  bends  in  the  pipe  and  also  the  peculiar 
shape  assumed  by  a  stream  of  water  flowing  through 
pipes  or  conduits  when  there  is  no  resistance  except  the 
pressure  of  the  atmosphere  and  friction  caused  by  long 
distance  transmission. 

We  will  take  for  our  calculation  a  four-inch  pipe  from 
which  the  water  has  a  free  flow  under  a  head  of  100  ft., 
which  gives  a  velocity  of  80  ft.  per  second. 

Rule  5.  Divide  the  velocity  in  feet  per  second  by  the 
constant  2.3,  and  multiply  the  quotient  by  the  area  of 
discharge  pipe  in  square  inches.  80  -r-  2.3  :=■  34.7.  Now 
the  area  of  a  four-inch  pipe  is  12.57  sq.  in.,  and  34.7 
X  12.57  =  436  lbs.  discharged  per  second. 

In  order  to  get  the  matter  clearly  before  us,  let  ua 
assume  that  we  have  a  section  of  four-inch  pipe  just 
80  ft.  in  length  and  that  it  lies  in  a  horizontal  position 
and  is  filled  solidly  full  of  water.  It  will  contain  area, 
12.57  sq.  in.  X  length,  960  in.  =  12,067.2  cu.  in.  of 
water,  and  as  one  pound  of  water  occupies  a  space  of 
27.7  cu.  in.,  we  therefore  have  12,067.2  -f-  27.7  =  436 
lbs.  of  water,  and  at  a  velocity  of  80  ft.  per  second 
our  pipe  will  be  emptied  and  refilled  continuously  each 
second.     We  have  also  Rule  6  to  find  the  number  of 
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cubic  feet  discharged  per  minute  when  the  velocity  per 
minute  is  known. 

Rule  6,  Multiply  the  area  of  pipe  in  square  inches  by 
the  velocity  in  feet  per  minute  and  divide  by  the  con- 
stant 144. 

Example,  Area  of  4  in.  pipe  =  12.57  sq.  in.  Velocity 
of  flow  =  80  ft.  per  second  =  4,800  ft.  per  minute. 

Then  ^^'^^.^/^^^  =  419  cu.  ft.  per  minute  =  6.99  cu. 
144 

ft.  per  second,  which  multiplied  by  62.3  lbs.  (weight  of 
1  cu.  ft.)  =  435.4  lbs.  per  second. 

As  stated  before,  no  allowance  is  made  by  the  above 
rules  for  friction  or  other  retarding  influences,  but  for 
ordinary  purposes  in  connection  with  a  steam  plant  a 
deduction  of  25  per  cent  is  probably  sufiicient.  Of 
course  if  the  water  is  being  discharged  into  an  elevated 
tank  or  against  direct  pressure  of  any  kind,  the  resist- 
ance in  pounds  per  square  inch  or  the  height  in  feet 
must  be  deducted  from  the  impelling  pressure  or  head. 
Let  us  assume,  for  instance,  that  our  4  in.  pipe  is  dis- 
charging water  into  a  tank  at  an  elevation  of  75  ft. 
above  the  level  of  the  pump,  and  that  to  reach  the  tank 
requires  100  ft.  of  pipe  with  two  90°  ells  and  one 
straight-way  valve.  We  wish  to  discharge  500  gals,  per 
minute  into  the  tank,  and  will  therefore  require  a  veloc- 
ity of  about  13  ft.  per  second,  which  will  necessitate  a 
pressure  of  a  little  more  than  1  lb.  per  square  inch  to 
be  maintained  at  the  pump  over  and  above  all  resist- 
ance. Now  the  resistance  to  be  overcome  in  this  case 
will  be: 
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Pressure  per  square  inch  due  to  75  ft.  head. .  .*  .32.5   Ibfi. 
Friction  loss  due  to  length  of  pipe  and  velocity.  7.43  ** 

Friction  loss  due  to  two  90°  ells 2.16  " 

Friction  loss  due  to  straight-way  valve 2    ** 


Total  42.29  lbs. 

Requiring  a  pressure  of  say  43  lbs.  per  square  inch,  or 
about  the  equivalent  of  100  ft.  bead  at  the  pump. 

Again,  suppose  that  in  place  of  the  elevated  tank  we 
have  1,000  ft.  of  8  in.  horizontal  pipe  with  a  4  in.  deliv- 
ery at  the  end  farthest  from  the  pump,  and  three  branch 
pipes  each  100  ft.  long  and  4  in.  in  diameter  with  on« 
90°  ell  one  straight-way  valve,  connected  at  intervals  to 
the  8  in.  main,  and  it  is  required  to  discharge  in  all 
1,000  gals,  per  minute,  or  at  the  rate  of  250  gals,  per 
minute  for  each  4  in.  delivery.  The  friction  loss  for  each 
100  ft.  in  length  of  8  in.  pipe  at  a  velocity  of  13  ft  per 
second  is  .94  lbs.,  and  for  each  100  ft.  of  4  in.  pipe  it 
is  1.89  lbs.  Likewise  the  friction  loss  for  each  90°  ell 
is  1.08  lbs.,  and  for  a  straight  way  valve  .2  lbs.,  at  the 
above  velocity.  The  total  resistance  therefore  to  be  over- 
come is  as  follows 

For  1,000  ft.  of  8  in.  pipe 94  lbs.  X  10=  9.4   lbs. 

For  300  ft.  of  4  in.  pipe 1.89  lbs.  X    3  =  5.67  ** 

For  four  90°  ells 1.08 lbs.  X    4=  4.32  *' 

For  four  gtraigbt-way  valves. .  .2   lbs.  X    4=  .8    '* 


Total 20.19  lbs. 

Consequently  the  pressure  required  at  the  pump  will  be 
about  22  lbs.  per  square  inch,  equal  to  a  head  of  50  ft. 

Coymecting  a  Recently  Fired   Up  Boiler,     After   a 
boiler  has  been  washed  out,  filled  with  water,  and  fired 
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up,  the  next  move  is  to  connect. it  with  the  main  battery. 
The  steam  in  the  boiler  to  be  connected  having  been 
raised  to  the  same  pressure  as  that  in  the  battery,  the 
connecting  valve  should  be  opened  slightly,  just  enough 
to  permit  a  anall  jet  of  steam  to  pass  through,  which 
can  be  heard  by  placing  the  ear  near  the  body  of  the 
valve.  This  jet  of  steam  may  be  passing  from  the  bat- 
tery into  the  newly  connected  boiler  or  vice  versa. 
Whichever  way  it  passes,  the  valve  should  not  be  opened 
any  farther  until  th-e  flow  of  steam  stops,  which  will 
indicate  that  the  pressure  has  been  equalized.  It  will 
then  be  found  that  the  valve  will  move  much  easier  and 
it  may  be  gradually  opened  until  it  is  wide  open. 

Foaming,  Water  carried  with  the  steam  from  the 
boiler  to  the  engine,  even  if  in  small  quantities,  is  very 
detrimental  to  the  auccessful  operation  of  the  engine, 
as  it  washes  the  oil  from  the  walls  of  the  cylinder, 
thereby  increasing  the  friction,  and  unless  a  plenftiful 
supply  of  oil  is  entering  the  cylinder,  cutting  of  the 
piston  rings  will  take  place.  There  is  also  danger  of 
breaking  a  cylinder  head,  or  of  bending  the  piston  rod 
if  the  water  comes  in  too  large  quantities. 

There  are  certain  kinds  of  water  which  have  a  nat- 
ural tendency  to  foam,  especially  such  as  contain  con- 
siderable organic  matter,  and  the  more  severe  the  serv- 
ice to  which  the  boiler  is  put  the  more  will  the  water 
foam,  until  it  is  practically  impossible  to  locate  the 
true  level  of  the  water  in  the  boilers,  and  the  only 
recourse  the  water  tender  has  is  to  keep  his  feed  pump 
running  at  such  a  speed  as  will  in  his  judgment  supply 
the  water  as  fast  as  it  goes  out  of  the  boilers.  It  is  a 
dangerous  condition,  to  say  the  least,  and  the  only  rem- 
edy for  it  is  either  a  change  to  a  different  kind  of 
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water,  or  if  this  is  not  possible,  then  an  increase  in  the 
number  of  boilers,  which  would  make  it  possible  to 
supply  sufficient  steam  for  the  engine  without  being 
compelled  to  fire  the  boilers  so  hard. 

Priming,  By  which  is  meant  the  carrying  over  of 
water  in  the  form  of  fine  spray  mingled  with  the  steam, 
is  not  so  dangerous  as  foaming,  and  yet  it  causes  much 
loss  in  tfie  efficiency  of  a  boiler  or  engine.  It  can  be 
prevented  to  a  large  extent  by  placing  a  baffle  plate  in 
the  steam  space  of  the  boiler  directly  under  the  d<Hne 
or  outlet  to  the  connection  with  the  steam  main. 


MECHANICAL  STOKERS. 

The  primciples  governing  the  operation  of  mechanical 
or  automatic  stokers  are  in  the  main  correct,  viz.,  that 
the  supply  of  coal  and  air  is  continuous  and  that  pro- 
vision is  made  for  the  regulation  of  the  supply  of  fuel 
according  to  the  demand  upon  the  boiler  for  steam; 
also  that  the  intermittent  opening  and  closing  of  the 
furnace  doors,  as  in  hand  firing,  thereby  admitting  a 
large  volume  of  cold  air  directly  into  the  furnace  on 
top  of  the  fire,  is  avoided. 

Mechanical  stokers  have  within  the  last  twelve  years 
been  largely  adopted  in  the  United  States,  especially  in 
sections  where  bituminous  coal  is  the  principal  fuel. 
The  disadvantages  attending  their  use  are: 

First,  that  the  cost  of  properly  installing  them  is  so 
great  that  their  use  is  practically  prohibited  to  the  small 
manufacturer. 

Second,  that  in  case  of  a  sudden  demand  upon  the 
boilers  for  more  steam  the  automatic  stoker  cannot  re- 
spond as  promptly  as  in  hand  firing,  although  this 
objection  could  no  doubt  be  met  by  skillful  handling. 

Third,  the  extra  cost  for  power  to  operate  them, 
although  this  is  probably  offset  by  the  dimmished  ex- 
pense for  labor  required,  as  compared  to  hand  firing. 

There  are  many  different  types  of  mechanical  stokers, 
and  automatic  furnaces,  but  they  may  for  convenience 
be  grouped  into  four  general  classes.  In  class  one  the 
grate  consists  of  an  endless  chain  of  short  bars  that 
travel   in  a  horizontal  direction  over  sprocket  wheels, 
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operated  either  by  a  small  auxiliary  engine  or  by  power 
derived  from  an  overhead  line  of  shafting  in  front  of 
.  the  boilers. 

In  class  two  may  be  included  stokers  having  grate 
bars  somewhat  after  the  ordinary  type  as  to  length  and 
size,  but  having  a  continuous  motion  up  and  down  or 
forward  and  back.  Thisi  motion,  though  slight,  serves 
to  keep  the  fuel  stirred  and  loosened,  thus  preventing 
the  firing  from  becoming  sluggish.  The  grate  bars  in 
this  class  of  stokers  are  either  horizontal  or  inclined  at 
a  slight  angle,  and  their  constant  motion  tends  to  grad- 
ually advance  the  coal  from  the  front  to  the  back  end 
of  the  furnace. 

Class  three  includes  stokers  having  the  grate  bars 
steeply  inclined.  Slow  motion  is  imparted  to  the  grates, 
the  coal  being  fed  onto  the  upper  end  and  forced  for- 
ward as  fast  as  required. 

Class  four  includes  an  entirely  different  type  of 
stoker,  in  that  the  fresh  coal  is  supplied  underneath 
the  grates,  and  is  pushed  up  through  an  opening  left 
for  the  purpose  midway  of  the  furnace.  The  gases,  on 
being  distilled,  immediately  come  in  contact  with  the 
hot  bed  of  coke  on  top  and  the  result  is  good  combus- 
tion. In  this  type  of  stoker  steam  is  the  active  agent 
used  for  forcing  the  coal  up  into  the  furnace,  either 
by  means  of  a  long,  slowly  revolving  screw,  as  in  the 
American  stoker,  or  a  steam  ram,  as  with  the  Jones 
under-feed  stoker.  A  forced  draft  is  employed,  and 
the  air  is  blown  into  the  furnace  through  tuyeres. 
When  these  stokers  are  intelligently  handled  they  give 
good  results,  especially  with  cheap  bituminous  coal.  The 
clinker  formed  on  the  grate  bars  or  dead  plates  is  easily 
removed. 
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The  coal  is  supplied  to  mechanical  stokers  either  by 
being  shoveled  by  hand  into  hoppers  in  front  of,  and 
above  the  grates,  or,  as  is  the  case  in  most  of  the  large 
plants  using  them,  it  is  elevated  by  machinery  and  de- 
posited in  chutes,  through  which  it  is  fed  to  each  boiler 
by  gravity.  Stokers  of  the  chain  grate  variety  are  usu- 
ally constructed  so  that  they  may  be  withdrawn  from 
underneath  the  boiler  in  case  repairs  are  necessary.  The 
coal,  either  nut  or  screenings,  is  fed  into  a  hopper  in 


Fig.    70.     Cahall    Vertical    Boiler    with    Cbaln    Grate    Stoker    Attached. 

front  of  and  above  the  level  of  the  grate,  and  is  slowly 
carried  along  towards  the  rear  end.  The  ash  drops 
from  the  grate  as  it  passes  over  the  sprocket  wheel  at 
the  rear. 

Fig.  69  shows  a  battery  of  Babcock  and  Wilcox 
water  tube  boilers  fitted  with  chain  grate  stokers.  The 
buckets  for  elevating  the  coal  to  bins  overhead,  from 
whence   it   is   fed  by   gravity   to  the  stokers,   are   not 
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shown.     These  buckets  or  carriers  may  also  be  utilized 
for  conveying  the  ashes  from  the  boiler-room. 

Fig.  70  is  a  sectional  view  of  a  vertical  Cahall  boiler 
with  a  Mansfield  chain  grate  stoker,  and  Fig.  72  shows 
the  same  stoker  withdrawn  from  the  boiler. 

The  Coxe  mechanical  stoker  operates  upon  the  same 
general  principles  as  do  those  previously  described, 
being  of  the  chain  grate  type,  but  it  has  in  addition  a 
series  of  air  chambers  just  underneath  the  upper  travel- 
ing grate.  '  These  air  chambers  are  made  of  sheet  iron 
and  are  open  at  the  top  and  provided  with  dampers 
for  regulating  the  air  pressure  for  different  sections  of 
the  grate.  The  air  blast  is  supplied  by  a  fan.  Another 
feature  of  this  stoker  is  a  water  chamber  for  the  bottom 
section  of  the  grate  to  travel  through  on  its  return. 

The  Playford  stoker  has  wrought  iron  T  bars  extend- 
ing across  the  furnace  and  attached  to  the  traveling 
chains.  These  T  bars  carry  the  small  cast  iron  sections 
composing  the  grate.  A  screw  conveyor  is  also  placed 
in  the  ash  pit  for  the  purpose  of  carrying  the  ashes 
from  the  rear  to  the  front  of  the  pit.  Fig.  73  is  a  sec- 
tional view  of  the  Playford  stoker  attached  to  a  water 
tube  boiler. 

In  class  .two  may  be  includedi  stokers  having  the 
grates  inclined  more  or  less.  In  some  varieties  the 
grates  incline  from  front  to  rear,  while  in  others  they 
are  made  to  incline  from  the  side  walls  towards  the 
center  line  of  the  furnace. 

In  the  Vicars  mechanical  stoker  the  grate  bars  are 
somewhat  of  the  shape  of  the  ordinary  grate  and  lie  in 
two  tiers  in  a  horizontal  position.  The  lower  or  back 
tier  next  the  bridge  wall  is  stationary,  and  is  placed 
there  for  the  purpose  of  catching  what  coal  is  carried 
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over  the  ends  of  the  upper  or  moving  grate  bars.  These 
have  a  slow  reciprocating  motion  which  gradually  moves 
the  hot  coke  back  towards  the  bridge  w^all.  The  coal 
is  fed   from   a  hopper  into  two  compartments,   from 


which  it  is  pushed  by  reciprocating  plungers  onto  a 
coking  plate  and  from  thence  it  passes  to  the  grate 
bars.  The.  motion  of  these  bars  has  several  interme- 
diate variations,  from  a  state  of  rest  to  a  movement  of 
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314  in.  They  have  a  simultaneous  movement  forward 
by  which  the  fuel  is  advanced^  but  on  the  return  move- 
ment the  bars  act  at  separate  intervals.  In  this  man- 
ner the  fuel  remains  undisturbed  by  the  return  motion 
of  the  grates.    Pig.  74  illustrates  this  stoker. 

In  the  Wilkinson  stoker,  Fig.  75,  the  grate  bars  are 
hollow  and  are  set  at  an  angle  of  20^,  the  inclination 
being  from  front  to  back.  Each  bar  is  stepped  along 
its  fire  surface  and  on  the  rise  is  perforated  with  a  long, 
narrow  slot.  A  steam  pipe  extends  along  the  front  of 
the  furnace  and  from  this  pipe  small  branch  pipes  lead 
into  the  ends  of  the  grate  bars,  which  latter  are  in 
fact  a  series  of  hollow  trunks  with  their  front  ends 
open.  When  in  operation  a  steam  blast  is  admitted  to 
each  of  the  several  trunk  grate  bars  througn  the  small 
branch  pipes,  and  this  blast  induces  an  air  current  of 
more  or  less  pressure,  which  finds  an  outlet  through 
the  narrow  slots  in  the  stepped  fire  surface  of  the  grates 
and  directly  into  and  through  the  burning  mass  of  fuel. 
A  slow  reciprocating  motion  is  imparted  to  the  grates 
by  means  of  cranks  and  links  operated  from  an  over- 
head shaft ;  see  Fig.  76.  These  cranks  are  set  alter- 
nately at  90®  with  each  other,  thus  giving  a  forward 
movement  to  one-half  of  the  grate  bars  while  at  the 
same  time  the  other  half  is  moving  backward.  In  this 
manner  the  fuel  is  kept  slowly  moving  down  the  inclined 
grates. 

The  Hurphy  Automatic  Furnace,  a  sectional  view  of 
which  is  shown  in  Fig.  77,  has  the  grates  inclined  in- 
wards from  the  side  walls,  while  a  fire  brick  arch  is 
sprung  from  side  to  side  to  cover  the  entire  length  of 
the  grate.  The  coal  is  shoveled  or  fed  by  carrier  into 
the  coal  magazines,  one  on  each  side,  as  shown  in  the 
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cat.     If  the  furnace  is  placed  directly  under  the  boiler 
it  necessitates  putting  these  coal  magazines  within  the 


«0 


side  walls,  but  as  the  Murphy  furnace  is  usually  con- 
strueicd  at  the  presmit  day  as  an  outside  furnace,  the 
coal  magcizines  are  independent  of  the  boiler  walls. 
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The  bottom  of  each  magazine  is  used  as  a  coking  plate, 
against  which  the  upper  ends  of  the  inclined  grates 
rest.     On  the  central  part  of  this  plate  is  an  inverted 


Pig.  76.     Wilkinson  Stoker. 


open  box.  This  is  termed  the  ** stoker  box,"  and  it  is 
moved  back  and  forth  across  the  face  of  the  coking  plate 
by  means  of  a  shaft  with  pinions  that  mesh  into  racks 
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under  each  end  of  the  box.  By  means  of  this  motion 
of  the  stoker  boxes  the  coal  is  pushed  forward  to  the 
edge  of  the  coking  plate  and  from  thence  it  slowly 
passes  down  over  the  inclined  grates  toward  the  center 
of  the  furnace.  At  this  point  the  slowly  rotating  clin- 
ker breaker  grinds  the  clinker  and  other  refuse  and 
deposits  them  in  the  ash  pit. 


Fig.   77.     The  Murphy  Automatic  Punmce. 


Above  the  coking  plates  are  the  **arch  plates/'  upon 
which  the  bases  of  the  fire  brick  arch  rest.  These  plates 
are  ribbed,  the  ribs  being  an  inch  apart,  and,  the  arch 
resting  upon  these  ribs,  there  is  thus  provided  a  series 
of  air  ducts  by  means  of  which  the  air,  already  heated 
by  having  been  admitted  in  front  and  passed  through 
the  flues  over  the  arch,  is  conducted  into  the  furnace 
above  the  grates  and  comes  directly  in  contact  with  the 
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gases  rising  from  the  coking  fuel.  Air  is  also  admitted 
under  the  coking  plate  and,  passing  up  through  the 
grates,  serves  to  keep  them  cool  and  also  furnishes  the 
needed  supply  to  the  burning  coke  as  it  slowly  moves 
down  toward  the  center. 

The  fuel  is  aided  in  its  downward  movement  by  the 
constant  motion  of  the  grates,  one  grate  of  each  pair 
being  moved  up  and  down  by  a  rocker  at  the  lower 
end. 


Pig.  78.    Sectional  Perspective  of  the  Roney  Mecbanical  Stoker. 

Motion  is  imparted  to  the  various  moving  parts  of 
this  furnace  by  means  of  a  reciprocating  bar  extending 
across  the  outside  of  the  entire  front,  and  to  which  all 
the  working  parts  are  attached  by  links  and  levers. 
This  bar  is  operated  by  a  small  engine  at  one  side  of 
the  setting,  the  power  required  being  about  one  horse- 
power per  furnace. 

The  Roney  stoker  consists  of  a  set  of  rocking  stepped 
grate  bars,  inclined  from  the  front  towards  the  bridge 
walL     The  angle  of  inclination  is  37^.     A  dumping 
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grate  operated  by  hand  is  at  the  bottom  of  the  incline 
for  the  purpose  of  receiving  and  discharging  the  clinker 
and  ash.  This  dumping  grate  is  divided  into  sections 
for  convenience  in  handling. 

The  coal  is  fed  onto  the  inclined  grates  from  a  hop- 
per in  front.  The  grate  bars  rock  through  an  arc  of 
30°,  assuming  alternately  the  stepped  and  the  inclined 
position.  Fig.  78  is  a  sectional  perspective  view  of  this 
stoker  and  illustrates  the  working  parts. 


Pig.  79. 


The  grate  bars  receive  their  motion  through  the  me- 
dium of  a  rocker  bar  and  connecting  rod.  A  shaft 
extending  across  the  front  of  the  stoker  under  the  coal 
hopper  carries  an  eccentric  that  gives  motion  to  the 
connecting  rod  and  also  to  the  pusher  in  the  coal  hop- 
per. This  pusher,  working  back  and  forth,  feeds  the 
coal  over  the  dead  plates  onto  the  grates,  and  its  range 
of  motion  is  regulated  by  a  feed  wheel  from  no  stroke, 
to  full  stroke,  according  to  the  demand  for  coal.  The 
motion  of  the  grate  bars  may  also  be  regulated  by  a 
sheath  nut  working  on  a  long  thread  on  the  connecting 
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rod.  Each  grate  bar  consists  of  two  parts,  viz.,  a  cast 
iron  web  fitted  with  trunnions  on  each  end  that  rest  in 
seats  in  the  side  bearer  and  a  fuel  plate  having  the 
under  side  ribbed  to  allow  a  free  circulation  of  air. 

The  fuel  plate  is  bolted  to  the  web  and  carries  the 
fuel.  The  grates  lie  in  a  horizontal  position  across  the 
furnace  in  the  form  of  steps,  and  ample  provision  is 
made  for  the  admission  of  air  through  the  slotted  webs. 
A  fire  brick  arch  is  also  sprung  across  the  furnace,  cov- 
ering the  upper  portion  of  the  grate. 

This  arch,  being  heated  to  a  high  temperature,  serves 
in  a  measure  to  partly  coke  the  coal  as  it  passes  under 
it.  Air  is  also  admitted  on  top  of  the  coal  at  the  front. 
This  air  is  heated  by  its  passage  through  a  perforated 
tile  over  the  dead  plate  and  adjoining  the  fire  brick 
arch.    Fig.  79  shows  the  location  of  the  arch  and  tile. 

In  mechanical  stokers  of  the  under-feed  type  the  air 
is  supplied  by  forced  draft. 

The  American  stoker  consists  of  a  horizontal  con- 
veyor pipe  into  which  the  coal  is  fed  from  a  hopper. 
The  diameter  of  this  pipe  depends  upon  the  quantity 
of  coal  to  be  burned,  and  varies  from  4^/^  in.  for  the 
smaller  sizes  up  to  9  and  10  in.  for  the  larger  sized 
stokers.  The  length  of  the  conveyor  pipe  for  the  stand- 
ard 10-in.  stoker  is  72  in.  Attached  to  the  outer  end 
of  this  conveyor  pipe,  and  forming  a  part  of  it,  is  an 
iron  box  containing  a  reciprocating  steam  motor,  which, 
through  the  medium  of  a  rocker  arm  and  pawl  and 
ratchet  wheel,  drives  a  screw  conveyor  shaft  that  slowly 
revolves  within  the  pipe,  thus  forcing  the  coal  forward 
and  up  through  another  box  or  trough,  which  latter  is 
wholly  within  the  furnace.  Extending  around  the  top 
edges  of  this  box,  and  on  a  level  with  the  grate  bars, 
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there  is  a  series  of  tuyeres  through  which  the  air  is 
forced. 

These  tuyeres,  being  at  a  high  temperature,  serve  to 
heat  the  air  in  its  passage  through  them,  thus  greatly 
aiding  combustion.  Fig.  80  is  a  longitudinal  sectional 
view  of  this  stoker. 
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The  speed  of  the  screw  conveyor  is  regulated  by  the 
hand  throttle  of  the  motor,  according  to  the  demand  for 
coal.-    "With  the  9-in.  standard  stoker  from  350  to  1,200 
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lbs.  of  coal  per  hour  may  be  burned.  Fig.  81  is  a  view 
of  the  American  stoker  before  being  placed  in  position 
in  the  furnace. 
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The  air  jets,  passing  out  from  the  tuyeres  in  a  hori- 
zontal direction-,  and  from  opposite  sides,  cut  through 
the  rounded  bed  of  coal  and  the  gases  are  thus  ignited 
and  consumed  immediately  after  being  distilled  from 
the  coal,  while  the  pressure  of  the  coal  rising  from  un- 
derneath forces  the  already  coked  fuel  over  the  edges 
of  the  trough  or  box  onto  the  grates  which  occupy  the 
space  between  the  side  walls  and  the  coal  trough.  The 
adr  is  first  delivered  from  the  fan  into  the  air  box  that 
surrounds  the  coal  trough  on  three  sides  and  from  thence 
it  passesi  to  the  tuyeres.  If  this  stoker  is  properly  han- 
dled very  good  results  may  be  obtained  by  its  use,  but, 
like  all  other  devices  for  burning  coal  under  boilers, 
it  is  bad  policy  to  endeavor  to  force  it  beyond  its 
capacity. 

In  the  Jones  under-feed  stoker  the  coal  is  pushed  for- 
ward and  up  into  the  furnace  through  a  cast  iron  retort 
or  trough.  The  impelling  force  is  a  steam  ram  con- 
nected to  the  outer  end  of  th^  retort,  and  the  speed  of 
the  ram  is  regulated  automatically  by  the  steam  pres- 
sure, or  by  hand  as  desired.  The  coal  is  supplied  to  the 
ram  through  a  cast  iron  hopper  having  a  capacity  of 
125  to  140  lbs.  • 

Force  draft  is  also  employed  in  this  stoker,  the  air 
being  conducted  from  the  fan  or  blower  through  gal- 
vanized iron  pipes  into  the  closed  ash  pit,  which  really 
forms  an  air  box,  as  the  space  on  either  side  of  the 
retort  that  is  usually  occupied  by  grate  bars  is  in  this 
case  covered  by  solid  cast  iron  dead  plates,  upon  which 
the  coked  fuel  lies  until  it  is  consumed.  These  plates, 
being  hot,  serve  to  heat  the  air  coming  in  contact  with 
them  in  its  passage  to  the  cast  iron  tuyeres  through 
which  it  passes  to  the  bed  of  burning  fuel  in  the  retort. 
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Air  entirely  surrounds  the  retort  on  the  sides  aoad  back 
end,  and  is  at  a  constant  pressure  in  the  ash  pit,  but  can 
only  pass  into  the  furnace  through  the  tuyeres,  the  jets 
of  air  cutting  through  the  rounded  heap  of  incandes- 
cent fuel  from  opposite  sides,  and  in  a  direction  inclined 
upwards. 

Coal  is  supplied  to  the  hopper  either  by  hand,  or  by 
mechanical  means  where  the  plant  is  fitted  with  coal- 
handling  machinery.  The  opening  through  which  it 
passes  from  the  hopper  to  a  position  in  front  of  the 
ram  is  8x10  in.  in  size.  Each  charge  of  the  steam  ram 
carries  forward  15  to  20  lbs.  of  coal.    Connected  to  the 


ng.  82. 


ram,  and  moving  in  conjunction  with  it  is  a  long  rod 
extending  through  the  retort  near  the  bottom.  Upon 
th*s  rod  are  carried  shoes  that  act  as  auxiliary  plungers 
and  facilitate  the  movement  of  the  coal. 

Fig.  82  is  a  sectional  view  of  the  Jones  stoker,  show- 
ing the  machine  full  of  coal,  with  the  ram  ready  to 
make  a  charge.  Fig.  83  shows  the  stoker  complete  be- 
fore being  placed  in  the  furnace. 

It  is  claimed  by  the  builders  of  under-feed  stokers, 
and  the  claim  appears  to  have  good  foundation,  that  by 
pushing  the  green  coal  up  so  as  to  meet  the  upper  crust 
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of  glowing  fuel  the  gases  on  being  distilled  immediately 
come  in  contact  with  and  are  consumed  by  the  burning 
mass,  and  the  formation  of  smoke  is  thus  prevented. 
Both  the  Jones  under-feed  and  the  American  stokers 
have  proved  to  be  very  successful  in  the  burning  of  the 
cheaper  bituminous  coals  of  the  West.  One  feature 
tending  to  commend  them  is  the  fact  that  practically  all 
of  the  coal  is  utilized,  there  being  no  waste  caused  by 
the  slack  coal  or  fine  screenings  dropped  through  the 
grate  bars  into  the  ash  pit  unconsumedi. 


Fig.  83. 

A  good  substitute  for  the  mechanical  stoker  is  an-  out- 
side furnace,  by  which  is  meant  a  boiler  installation  hav- 
ing the  furnace  in  front  of  instead  of  underneath  the 
boiler.  One  of  the  principal  hindrances  to  good  com- 
bustion in  the  ordinary  type  of  boiler  furnace  is  the 
fact  that  the  temperature  of  the  boiler  shell  or  water 
tubes  with  which  the  gaseous  products  of  combustion 
come  in  contact  can  never  be  higher  than  the  tempera- 
ture of  the  water  contained  within  the  boiler.  This  tem- 
perature ranges  from  297°  for  steam  at  50  lbs.  gauge 
pressure,  up  to  407°  for  255  lbs.  pressure,  while  the 
temperature  of  th?  furnace,  according  to  Dr.  Thurston 
and  other  high  authorities,  ranges  from  2,010°  to  2,550*^. 


MECHANICAL  STOKERS 


187 


It  is  evident  that  perfect  combustion  does  not  take 
place  until  these  high  temperatures  are  reached.  Each 
time  the  furnace  is  charged  with  fresh  coal,  especially 
if  the  boiler  be  hand-fired,  a  large  volume  of  volatile 
gases  is  liberated,  but  not  consumed.    If  these  gases  are 
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Fig.   84. 

allowed  to  immediately  come  in  contact  with  a  compara- 
tively cool  surface,  as  for  instance  the  heating  surface 
of  the  boiler,  the  result  is  a  cooling  of  the  gases,  incom- 
plete combustion  and  the  formation  of  smoke  and  soot. 
If,  on  the  other  hand,  the  furnace  is  so  constructed 
that  these  gaseous  products  first  impinge  against  hot 
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surfaces,  such  as  fire  brick  arches  or  baflBers  that  have  a 
temperature  corresponding  to  that  of  the  furnace,  good 
combustion  is  assured.  This  condition  is  in  a  large  de- 
gree attained  by  the  use  of  outside  furnaces  that  permit 
the  construction  of  a  fire  brick  arch  to  cover  the  entire 
grate  surface. 


Fig.  85. 


The  Burke  furnace,  patented  by  James  V.  Burke  of 
Chicago,  is  a  notable  example  of  this  type  of  furnace. 
It  is  applicable  to  any  type  of  stationary  boiler.  Fig. 
84  shows  this  furnace  as  applied  to  tubular  boilers.  It 
consists  of  a  fire  brick  arch  extending  from  6  to  8  ft. 
outwards  from  the  boiler  front  and  of  a  width  to  corre- 
spond to  the  diameter  of  the  boiler.  The  arch  rests 
securely  upon  brick  work  inclosed  in  a  well  ventilated 
iron  casing.  There  is  practically  no  heat  radiated  from 
this  furnace,  all  the  heat  generated  by  it  passing  to  the 
boiler.     The  central  portion  of  the  grate  bars  consists 


MECHANICAL  STOKERS  189 

of  shaking  grates,  while  the  side  bars  are  stationary  and 
inelined. 

Pig.  85  is  a  sectional  view  and  will  serve  to  illustrate 
the  construction  of  this  furnace.  The  coal  is  fed  through 
pockets  on  top  on  each  side  of  the  arch,  the  larger  fur- 
naces having  two  pockets  on  each  side  and  the  smaller 
sizes  one.  The  doors  in  front  are  only  opened  for  the 
purpose  of  cleaning  fires  or  when  first  starting  fires. 
The  air  is  supplied  by  way  of  the  ash  pit,  passing  up 
through  the  grate  bars.  A  portion  of  the  air  supply  is 
also  drawn  through  the  ventilators  and  passes  to  the 
upper  part  of  the  furnace.  The  arch  extends  under  the 
front  end  of  the  boiler  6  or  8  in.,  and  there  is  a  bridge 
wall  about  4  ft  back  from  the  front,  against  which  the 
gases  from  the  furnace  impinge. 

There  are  42  sq.  ft.  of  grate  surface  in  the  larger 
sizes,  and  22  sq.  ft.  in  the  smaller  size.  Good  combus- 
tion is  attained  in  this  furnace,  owing  to  the  fact  that 
the  gases  as  they  are  distilled  from  the  coal  come  imme- 
diately in  contact  with  the  highly  heated  surface  of  the 
arch  directly  over  the  fire. 

Stoker  selection  and  stoker  installation  furnish  prob- 
lems requiring  a  high  order  of  mechanical  skill,  knowl- 
edge of  many  details  and  freedom  from  bias  and  preju- 
dice. Each  installation  must  be  studied  individually 
and  the  size  and  type  of  stoker  and  subsidiary  details 
of  grate,  draft,  furnace,  etc.,  determined  only  after  an 
exhaustive  consideration  of  all  points.  Thus  and  only 
thus  may  the  highest  economy  be  realized,  for  it  is  econ- 
omy primarily  that  must  be  sought  and  secured  in  this 
day  of  keen  competition,  with  a  smokeless  stack  as  a 
secondary  consideration. 

It  is  a  fact,  well  recognized  by  all  students  of  boiler 
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furnace  combustion,  that  smoke  suppression  does  not 
necessarily  mean  fuel  economy,  while  it  is  universally 
recognized  that  when  combustion  is  complete  with  fuel 
economy  at  its  highest,  there  can  be  no  smoke. 

The  very  considerable  initial  cost  of  installing  mechan- 
ical stokers  may  no  longer  be  regarded  as  a  species  of 
speculation,  but  as  a  sound  investment  that  returns  a 
truly  marvelous  annual  dividend.  It  is  not  overstating 
the  facts  as  well  recognized  by  progressive  and  studious 
engineers  that  there  is  no  other  single  piece  of  power 
plant  equipment  that  will  pay  a  richer  dividend  on  its 
cost  than  a  properly  constructed,  properly  selected, 
properly  installed  mechanical  stoker. 

It  is  totally  impossible  to  dniplicate  the  conditions  of 
a  stoker-fired  furnace  with  one  in  which  the  coal  is  fed 
by  hand  through  the  firedx)or. 


CHIMNEYS. 

Qrimneys  are  required  for  two  purposes — ^first,  to 
carry  oflf  obnoxious  gases;  second,  to  produce  a  draft, 
and  so  facilitate  combustion.  The  first  requires  size, 
the  second  height. 

The  weight  of  gas  to  be  carried  off  by  a  chimney  in  a 
given  time  depends  upon  three  things — size  of  chimney, 
velocity  of  flow,  and  density  of  gas.  But  as  the  density 
decreases  directly  as  the  absolute  temperature,  while  the 
velocity  increases,  with  a  given  height,  nearly  as  the 
square  root  of  the  temperature,  it  follows  that  there  is  a 
temperature  at  which  the  weight  of  gas  delivered  is 
a  maximum.  This  is  about  550®  above  the  surrounding 
air.  Temperature,  however,  makes  so  little  difference, 
-that  at  550°  above,  the  quantity  is  only  four  per  cent 
greater  than  at  300°.  Therefore,  height  and  area  are 
the  only  elements  necessary  to  consider  in  an  ordinary 
chimney. 

The  intensity  of  draft  is,  however,  independent  of  the 
size,  and  depends  upon  the  difference  in  weight  of  the 
outside  and  inside  columns  of  air,  which  varies  nearly 
as  the  product  of  the  height  into  the  difference  of  tem- 
perature. This  is  usually  stated  in  an  equivalent  col- 
umn of  water,  and  may  vary  from  0  to  possibly  2  inches 

After  a  height  has  been  reached  to  produce  draft  of 
sufficient  intensity  to  burn  fine,  hard  ooal,  provided  the 
area  of  the  chimney  is  large  enough,  there  seems  no 
good  mechanical  reason  for  adding  further  to  the  height, 
whatever  the  size  of  the  chimney  required.  Where  cost  is 
no  consideration,  there  is  no  objection  to  building  as  high 
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as  one  pleases;  but  for  the  purely  utilitarian  purposes  of 
steam  making  equally  good  results  might  bs  attained 
with  a  shorter  chimney  at  much  less  cost. 

The  intensity  of  draft  required  varies  with  the  kind 
and  condition  of  the  fuel,  and  the  thickness  of  the  fires. 
Wood  requires  the  least,  and  anthracite  screenings  the 
most.  The  strong  draft  required  for  burniilg  the  smaller 
sizes  of  anthracite  coal  necessitates  a  very  tall  chimney 
unless  forced  blast  is  used. 

Generally  a  much  less  height  than  100  feet  cannot  be 
recommended  for  a  boiler,  as  the  lower  grades  of  fuel 
cannot  be  burned  as  they  should  be  with  a  shorter 
chimney. 

A  round  chimney  is  better  than  square,  and  a  straight 
flue  better  than  a  tapering,  though  it  may  be  either 
larger  or  smaller  at  the  top  without  detriment. 

The  effective  area  of  a  chimney  for  a  given  power 
varies  inversely  as  the  square  root  of  the  height.  The 
actual  area,  in  practice,  should  be  greater,  because  of 
retardation  of  velocity  due  to  friction  against  the  walls. 
On  the  basis  that  this  is  equal  to  a  layer  of  air  two 
inches  thick  over  the  whole  interior  surface,  and  that  a 
commercial  horse-power  requires  the  consumption  on 
an  average  of  5  pounds  of  coal  per  hour,  we  have  the 
following  formulas : 

E=MJL=A-0.6  VA: 1 

y/h 

11  =  3.33  E   y/h. 2 

S  =  12  V  E~+  4 3 

D  ==  13.54  y/'E  +  4 4 

"^i^ ^ 
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in  which  H  =  horse-power;  h  =  height  of  chimney  in 
feet;  E  =  effective  area,  and  A  =  actual  area  in  square 
feet;  S  =  side  of  square  chimney,  and  D  =  dia.  of 
round  chimney  in  inches.  Table  12  is  calculated  by 
means  of  these  formulas. 

To  find  the  draft  of  a  given  chimney  in  inches  of 
water:  Divide  7.6  by  the  absolute  temperature  of  the 
external  air  (t^  =  t  -\-  460);  divide  7.9  by  the  absolute 
temperature  of  the  gases  in  the  chimney  (r^  =:V  +  460); 
subtract  the  latter  from  the  former,  and  multiply  the 
remainder  by  the  height  of  the  chimney  in  feet.  This 
rule,  expressed  in  a  formula,  would  be : 


\r.  re    / 


To  find  the  height  of  a  chimney,  to  give  a  specific  draft 
power,  expressed  in  inches  of  water :  Proceed  as  above, 
through  the  first  two  steps,  then  divide  the  given  draft 
power  by  the  remainder,  the  restllt  is  the  height  in  feet. 
Or,  by  formula: 

d 


h  = 


/  7.6  _  7.9  \ 

\r.  Tc    / 


To  find  the  maximum  efficient  draft  for  any  given 
chimney,  the  heated  column  being  600°  F.,  and  the  exter- 
nal air  62® :  Multiply  the  height  above  grate  in  feet  by 
.007,  and  the  product  is  the  draft  power  in  inches  of 
water. 

The  diagram,  Fig.  86,  shows  the  draft,  in  inches,  of 
water  for  a  chimney  100  feet  high,  under  different  tem- 
peratures, from  50°  to  800°  above  external  atmosphere, 
which  is  assumed  at  60°.  The  vertical  scale  is  full  size, 
and  each  division  is  1/20  of  an  inch.    It  also  shows  the 
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relative  quantity,  in  pounds  of  air,  which  would  be  de- 
livered, in  the  same  time,  by  a  chimney  under  the  same 
differences  of  temperature.  It  will  be  seen  that  practi- 
cally nothing  can  be  gained  by 
carrying  the  temperature  of  the 
chimney  more  than  360®  above 
the  external  air  at  60®. 

To  determine  the  qxuintity  of 
air,  in  pounds,  a  given  chimney 
will  deliver  per  hour,  multiply 
the  distance  in  inches,  at  given 
temperature,  on  the  diagram,  Fig. 
86,  by  1,000  times  the  effective 
area  in  square  feet,  and  by  the 
square  root  of  the  height  in  feet. 
This  gives  a  maximum.  Friction 
^  in  flues  and  furnace  may  reduce 
j      it  greatly. 

The  external  diameter  of  a 
brick  chinmey  at  the  base  should 
be  one-tenth  the  height,  unless 
it  be  supported  by  some  other 
structure.  The  "batter"  or  taper 
of  a  chimney  should  be  from  tV 
to  /i  inch  to  the  foot  on  each 
side. 

Thickness   of  brick  work;  one 

brick  (8  or  9  inches)  for  25  ft. 

from  the  top,  increasing  %  brick 

(4  or  4%  inches)  for  each  25  ft. 

from  the  top  downwards. 

If  the  inside  diameter  exceed  5  ft.  the  top  length 

should  be  IY2  bricks,  and  if  under  3  ft.  it  may  be  ^ 

brick  for  ten  feet 
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TABLE  11. 
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THEORETICAL  DRAFT  PRESSURE  IN  INCHES 
OF  WATER*  IN  A  CHIMNEY  100  FEET  HIGH. 

(For  other  heights  the  draft  varies  directly  as  the 
height.) 


Temp, 
in 

TEMI 

.  OP  EXTERNAL  AIR.    (Babombtkb  30  Ikohis.) 

Chimney 

Fahr. 

0^ 

10^ 

20** 

80^ 

40*> 

50^ 

60^ 

70^ 

80^ 

90*> 

100«^ 

200« 

.458 

.419 

.884 

.853 

.821 

.292 

.263 

.284 

.2f'9 

.182 

.157 

220 

.488 

.468 

.419 

.888 

.355 

.326 

.298 

.269 

244 

.217 

.192 

240 

.520 

488 

.451 

.421 

.388 

.369 

.330 

.301 

.276 

.250 

.225 

260 

.565 

.628 

.484 

.453 

.420 

.892 

.863 

.834 

.809 

.282 

.267 

280 

.584 

.649 

.616 

.482 

.451 

.422 

.394 

.866 

.840 

.318 

.288 

800 

.611 

.676 

.641 

.511 

.478 

.449 

.420 

.392 

.367 

.340 

.315 

820 

.637 

.608 

.668 

.588 

.505 

.476 

.447 

.419 

.394 

.367 

.842 

840 

.662 

.638 

.593 

.563 

.580 

.501 

.472 

.443 

.419 

.892 

.867 

800 

.687 

.6.^8 

.618 

.588 

.565 

.626 

.497 

.468 

.444 

.417 

.892 

880 

.710 

.676 

.641 

.611 

.578 

.549 

.520 

.492 

.467 

.440 

.415 

400 

.732 

.697 

.662 

.682 

.598 

.670 

.541 

.613 

.488 

.461 

.436 

420 

.758 

.718 

.684 

.663 

.620 

.591 

.563 

.634 

.509 

.482 

.457 

440 

.774 

.789 

.705 

.674 

.641 

.612 

.684 

.555 

.530 

.508 

.478 

460 

.798 

.758 

.724 

.694 

.660 

.632 

.603 

.574 

.549 

.522 

.497 

480 

.810 

.776 

.741 

.710 

.678 

.649 

.620 

.591 

.566 

.640 

.515 

fiOO 

.829 

.791 

.760 

.730 

.697 

.669 

.639 

.610 

.686 

.659 

.584 

*The  available  draft  will  be  the  tabular  values  less  the 
amount  consumed  by  friction  in  the  stack.  In  stacks 
whose  diameter  is  determined  by  the  formulae  the  net 
draft  will  be  80%  of  the  tabular  values.  Hence  to  ob- 
tain from  the  table  the  height  of  stack  necessary  to  pro- 
duce a  net  draft  of  say  0.6  inches,  the  theoretical  draft 
will  be  0.6  X  1-25  =  0.75  inches,  w^hich  can  be  got  with 
a  stack  100  ft.  high  with  flue-gas  temperature  of  420°  F., 
and  air  temperature  of  0°  F.,  or  a  stack  125  ft.  high 
wbem  tb«  air  temperature  is  60°  F, 
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IRON  GHIMNE7   STACKS. 

In  many  places  iron  stacks  are  preferred  to  brick 
chimneys.  Iron  slacks  require  to  be  kept  well  painted 
to  prevent  rust,  and  generally,  where  not  bolted  down, 
they  need  to  be  braced  by  pods  or  wires  to  surrounding 
objects.  With  four  such  braces  attached-  to  an  angle 
iron  ring  at  %  the  height  of  stack,  and  spreading  later- 
ally at  least  an  equal  distance,  each  brace  should  have 
an  area  in  square  inches  equal  to  1-1000  the  exposed  area 
of  stack  (diam.  X  height)  in  feet. 

Stability,  or  power  to  withstand  the  overturning  force 
of  the  highest  winds,  requires  a  proportionate  relation 
between  the  weight,  height,  breadth  of  base,  and  exposed 
area  of  the  chimney.  This  relation  is  expressed  in  the 
equation 

in  which  d  =  the  average  breadth  of  the  shaft;  h  =  its 
height;  b  =  the  breadth  of  base, — all  in  feet;  W  = 
weight  of  chimney  in  lbs.,  and  C  =  a  co-efficient  of  wind 
pressure  per  square  foot  of  area.  This  varies  with  the 
cross-section  of  the  chimney,  and  =  56  for  a  square,  35 
for  an  octagon,  and  28  for  a  round  chimney.  Thus  a 
square  chimney  of  average  breadth  of  8  feet,  10  feet 
wide  at  base  and  100  feet  high,  would  require  to  weigh 
56  X  8  X  100  X  10  =  448,000  lbs.  to  withstand  any  gale 
likely  to  be  experienced.  Brickwork  weighs  from  100  to 
130  lbs.  per  cubic  foot,  hence  such  a  chimney  must  aver- 
age 13  inches  thick  to  be  safe.  A  round  stack  could 
weigh  half  as  much,  or  have  less  base. 
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AIR. 

Pure  Air  is  a  mixture  of  oxygen  and  nitrogen  in  fol- 
lowing proportions:  by  volume  20.91  parts  oxygen  to 
79.09  parts  nitrogen;  by  weight  23.15  parts  oxygen  to 
76.85  parts  nitrogen.  Air  in  nature  always  contains 
other  constituents  such  as  dust,  carbon  dioxide,  am- 
monia, ozone  and  water  vapor. 

Air  being  perfectly  elastic,  the  density  of  the  atmos- 
phere decreases  in  geometrical  ratio  with  the  altitude. 
This  fact  has  an  important  bearing  on  proportions  of 
furnaces  and  stacks  located  in  high  altitudes,  as  will 
later  appear.  The  atmospheric  pressfure  for  diflEerent 
altitudes  is  given  in  Table  17.     , 

WEIGHT   AND   VOLUME   OP   AIR. 

A  cubic  foot  of  air  at  60°  and  under  average  atmos- 
pheric pressure,  at  sea  level,  weighs  536  grains,  and  13.06 
cubic  feet  weigh  one  pound.  Air  expands  or  contracts  an 
equal  amount  with  each  degree  of  variation  in  tempera- 
ture. Its  weight  and  volume  at  any  temperature  under 
30  inches  of  barometer  may  be  found  within  leas  than 
one-half  of  one  per  cent  by  the  following  formula,  in 
which  W  =  weight  in  pounds  of  one  cubic  foot,  V== 
volume  in  cubic  feet,  per  pound,  and  r  =  absolute  tem- 
perature, or  460°  added  to  that  by  the  thermometer,  = 
t  +  460. 

r  40 

For  any  condition  of  pressure  and  temperature  the 
following  formulas  are  very  nearly  exact: 

W  =  2.71^  y=2^  *=2.71Vp-460 
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in  which  p  is  pressure  above  absolute  vacuum.  The  same 
formulse  answer  for  any  other  gas  by  changing  the  co- 
^cieot 

TABLE  13. 

VOLUME  AND  WEIGHT  OF  AIR  AT  VARIOUS 

TEMPERATURES,  AND   ATMOSPHERIC 

PRESSURE. 


Tempentare  in 
Decree*  Fabr. 

Volume  of  ore 
Pound  Ou.  Ft. 

WelKbt  of  one 
Ou.  Ft.  In  Lbs. 

50 

12.840 

.077884 

55 

12.964 

.077133 

60 

13.090 

.076400 

65 

13.216 

.075667 

70 

13.342 

.074950 

75 

13.467 

.074260 

80 

13.593 

.073565 

85 

13.718 

.072894 

90 

13.845 

.072230 

95 

13.970 

.071580 

100 

14.096 

.070942 

110 

14.346 

.069698 

120 

14.598 

.068500 

130 

14.849 

.067342 

140 

15.100 

.066221 

150 

15.352 

.065140 

169 

15.603 

.064088 

170 

15.854 

.063072 

180 

16.106 

.062090 

190 

16.357 

.061134 

200 

16.606 

.060210 

210 

16.860 

.059313 

212 

16.910 

.059135 

200 
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TABLE  13— Continued. 


Temperature  in 

Volume  o(  one 

WelRht  of  OD« 

Degrees  Fabr. 

Pound  Co.  Ft. 

Cu.  Ft.  In  Lbs. 

220 

17.111 

.058442 

230 

17.362 

.057596 

240 

17.612 

.056774 

250 

17.865 

.055975 

260 

18.116 

.055200 

270 

18.367 

.054444 

280 

18.621 

.053710 

290 

18.870 

.052994 

300 

19.121 

.052297 

320 

19.624 

.050959 

340 

20.126 

.049686 

360 

20.630 

.048476 

380 

21.131 

.047323 

400 

21.634 

.046223 

425 

22.262 

.044920 

450 

22.890 

.043686 

475 

23.518 

.042520 

500 

24.146 

.041414 

525 

24.775 

.040364 

550 

25.403 

.039365 

575 

26.031 

.038415 

600 

26.659 

.037510 

650 

27.913 

.035822 

700 

29.172 

.034280 

750 

30.428 

.032865 

COMBUSTION. 

Cambtistion,  as  the  term  is  used  in  steam  engineering, 
is  the  rapid  chemical  combination  of  oxygen  with  carbon, 
hydrogen  and  sulphur,  with  the  accompaniment  of  heat 
and  light.  The  substance  which  combines  with  the 
oxygen  is  the  combustible.  The  combustion  is  perfect 
when  the  combustible  is  oxidized  to  "the  highest  possible 
degree;  thus,  conversion  of  carbon  into  carbon  dioxide 
(COj)  represents  perfect  combustion,  while  its  conver- 
sion to  monoxide  (CO)  is  imperfect  combustion,  since 
the  monoxide  can  be  further  burned  and  finally  con- 
verted into  COj. 

Kindling  Point.  As  in  many  other  chemical  processes, 
a  certain  degree  of  heat  is  necessary  to  cause  the  union 
of  the  oxygen  and  combustible;  the  temperatures  neces- 
sary to  cause  this  union  are  the  kindling  temperatures, 
and  are  approximately  as  given  in  the  following  table 
by  Stromeyer: 

KINDLING  TEMPERATURES. 

Lignite  Dust 300°  F 

Sulphur 470 

Dried  Peat 435 

Anthracite  Dust   570 

Coal 600 

Cokes  Red  Heat 

Anthracite  **     *'     750 

Carbon  Monoxide *'     '*  1211 

Hydrogen 1030  or  1290 

201 
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The  Oxygen  necessary  for  combustion  is  supplied  from 
the  air.  Its  density  is  1.10521  (Air=l);  its  weight 
0.088843  lbs.  per  cu.  ft.  at  32°  F.,  and)  atmospheric  pres- 
sure; its  atomic  weight  is  16;  a  pound  of  air  contains 
0.2315  lbs.  of  oxygen,  and  one  pound  of  oxygen  is  con- 
tained in  4.32  lbs.  of  air. 

Carbon  (C),  the  most  abundant  combustible,  has  atom- 
ic weight  of  12,  and  reaches  the  boiler  furnace  as  a  con- 
stituent of  oil,  gas,  coal,  charcoal,  wood,  etc. 

Hydrogen  (H)  occurs  free  in  small  quantity  in  some 
fuels,  but  is  usually  in  combination  with  the  carbon.  Its 
atomic  weight  is  1;  its  density  is  0.0692  (Air  =  l) ;  and 
its  weight  per  cubic  foot  at  32°  F.  and  atmospheric  pres- 
sure is  0.00559  lbs.  The  heating  value  of  one  pound  of 
pure  carbon  is  rated  at  14,500  heat  units,  while  one  pound 
of  hydrogen  gas  contains  62,000  heat  units. 

COAD. 

Analysis  of  coal  shows  that  it  contains  moisture,  fixed 
carbon,  volatile  matter,  ash  and  sulphur  in  various  pro- 
portions according  to  the  quality  of  the  coal.  Table  14 
deduced  from  a  few  of  the  many  valuable  tables  of 
analysis  of  the  coals  of  the  United  States  will  show  the 
composition  of  the  principal  bituminous  coals  in  use  in 
this  country  for  steam  purposes.  Two  samples  are 
selected  from  each  of  the  great  coal  producing  states, 
with  the  exception  of  Illinois,  from  which  four  were 
taken. 

The  process  of  combustion  of  fuel  consists  in  the  union 
of  the  carbon  and  hydrogen  of  the  fuel  with  the  oxygen 
of  the  air.  Each  atom  of  carbon  combines  with  two 
atoms  of  oxygen,  and  the  energetic  vibration  set  up  by 


OOMBOSnOK 

TABLE  14. 


203 


SUte 

Kind  of  Coal 

Moist- 
ure 

Vola. 
'  tile 
Matter 

Fixed 
Carbon 

Ash 

Sttl- 
phitf 

PennBylvania 

Yooghiogheny 

X.03 

36.49 

59.05 

2.6z 

o.8x 

«« 

Connellsville 

x.a6 

30.10 

59.61 

8.23 

a  78 

West  Virginia 

Quinimont 
Pire  Creek 

0.76 

18.65 

79.26 

X.II 

0.23 

«i 

a  61 

23.34 

75.02 

1.47 

0.56 

B.  Kentacky 

Peach  Orchard 

4.60 

35.70 

53.28 

6.42 

X.08 

•1 

Pike  County 

1.80 

26.80 

67.60 

3.80 

0.97 

Cahaba 

1.66 

33.28 

63.04 

2.02 

0.53 

•1 

Pratt  Co. '8 

1.47 

32.29 

59.50 

6.73 

1.2% 

Ohio 

Hocking  Valley 

6.59 

35.77 

49.64 

8.00 

X.59 

•• 

Muskingom  " 

3.47 

37.88 

53.30 

5.35 

2.24 

Indiana 

Block 

8.50 

3X.00 

57.50 

3.00 

«t 

ft 

a.  50 

44.75 

51.25 

X.50 

W.  Kentucky 

Nolin  River 

4.70 

33.24 

54.94 

11.70 

2.54 

<« 

Ohio  County 

3- 70 

30.70 

45.00 

3.16 

1.24 

Illinois 

Big  Muddy 
Wflmington 

6.40 

30.60 

54.60 

8.30 

x.50 

«• 

15.50 

32.80 

39.90 

11.80 

•• 

"  screenings 

14.00 

2G.00 

34.20 

23.80 

M 

Duquoin 

8.90 

23.50 

60.60 

7.00 

their  combination  is  heat.  Bituminous  coal  contains  a 
large  percentage  of  volatile  matter  which  is  released 
imd  flashes  into  flame  when  the  coal  is  thrown  into  the 
furnace,  and  unless  air  is  supplied  in  large  amounts  at 
this  stage  of  the  combustion  there  will  be  an  excess  of 
smoke  and  consequent  loss  of  carbon.  On  the  other  hand 
there  is  a  loss  in  admitting  too  much  air  because  the  sur- 
plus is  heated  to  the  temperature  of  the  furnace  without 
aiding  the  combustion  and  will  carry  off  to  the  chimney 
just  as  many  heat  units  as  were  required  to  raise  it  from 
the  temperature  at  which  it  entered  the  furnace  to  that 
at  which  it  enters  the  uptake.  It  will  therefore  be  seen 
that  a  great  advantage  will  be  gained  by  first  allowing 
the  air  that  is  needed  above  the  fire  to  pass  over  or 
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through  heated  bridge  walls  or  side  walls.  Some  kinds 
of  coal  need  more  air  for  their  combustion  than  do  others, 
and  good  judgment  and  close  observation  are  needed  on 
the  part  of  the  fireman  to  properly  regulate  the  supply. 

Sulphur  (S,  atomic  weight  32)  is  found  in  most  coals 
and  in  some  oils.  It  is  usually  present  in  a  combined 
form,  either  as  sulphide  of  iron,  or  sulphate  of  lime ;  in 
the  latter  form  it  has  no  heating  value.  Its  presence  in 
fuel  is  objectionable  because  the  gases  formed  from  its 
combustion  attack  the  metal  of  the  boiler  and  cause 
rapid  corrosion,  particularly  in  presence  of  moisture. 

Nitrogen  (N)  is  drawn  into  the  furnace  with  the  air. 
Its  atomic  weight  is  14;  its  density  is  0.9701  (Air  =  l) ; 
its  weight  per  cubic  foot  at  32°  F.  and  atmospheric  pres- 
sure is  .07831  lbs.;  each  pound  of  air  at  atmospheric 
pressure  contains  0.7685  lbs.  of  nitrogen,  and  one  pound 
of  nitrogen  is  contained  in  1.301  lbs.  of  air. 

Nitrogen  performs  no  useful  ofl5ce  in  combustion^  and 
passes  through  the  furnace  without  change.  It  dilutes 
the  air,  absorbs  heat  and  reduces  the  temperature  of  the 
products  of  combustion  and  is  the  chief  source  of  heat 
loss  in  furnaces. 

Combining  Weights,  When  chemical  elements  unite 
to  form  a  new  compound  they  do  so  in  definite  propor- 
tions which  are  always  the  same,  and  the  union  produces 
heat,  the  quantity  of  which  is  also  invariable.  Thus,  a 
pound  of  carbon,  when  carbon  dioxide  is  formed,  will  al- 
ways unite  with  2%  pounds  of  oxygen,  and  give  off  14,- 
600  B.  T.  U.  As  an  intermediate  step  the  carbon  might 
unite  with  lYs  times  its  weight  of  oxygen,  and  produce 
4,450  B.  T.  U.,  but  in  its  further  conversion  to  CO2  it 
would  unite  with  an  additional  lYs  times  its  weight  of 
oxygen  and  evolve  the  other  10,150  B.  T.  U.,  since  the 
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heat  developed  in  any  chemical  combination  depends 
upon  the  initial  and  final  states,  and  not  upon  any  inter- 
mediate change. 

Calorific  Value  of  Fuel.  The  amount  of  heat  liberated, 
per  pound  of  fuel  undergoing  perfect  combustion  is 
called  the  calorific  value  of  the  fuel. 

Some  boilers  will  make  steam  more  economically  by 
partly  closing  the  ash-pit  doors,  while  others  require  the 
same  dioors  to  be  kept  wide  open.  The  quantity  of  air 
required  for  the  combustion  of  one  pound  of  coal  is,  by 
volume,  about  150  cu.  ft. ;  by  weight,  about  12  lbs. 

The  temperature  of  the  furnace  is  usually  about  2500®, 
in  some  cases  reaching  as  high  as  3000°.  The  tempera^ 
ture  of  the  escaping  gases  should  not  be  much  above  nor 
below  400°  P.  for  bituminous  coal.  The  waste  heat  in 
the  escaping  gases  can  be  utilized  to  great  advantage  by 
passing  them  through  what  are  called  economizers  before 
they  escape  into  the  chimney.  These  economizers  consist 
of  coils  or  stacks  of  cast  iron  pii>e  placed  within  the  flue 
or  breeching  leading  from  the  boilers  to  the  chimney 
and  are  enveloped  in  the  hot  gases,  while  the  feed  water 
is  passed  through  the  pipes  on  its  way  to  the  boilers,  the 
result  being  that  considerable  heat  is  thus  imparted  to 
the  feed  water  that  would  otherwise  go  to  waste. 

In  order  to  attain  the  highest  economy  in  the  burning 
of  coal  in  boiler  furnaces  two  factors  are  indispensable, 
viz.,  a  constant  high  furnace  temperature,  and  quick  com- 
bustion, and  these  factors  can  only  be  secured  by  supply- 
ing the  fresh  coal  constantly  just  as  fast  as  it  is  burned, 
and  also  by  preventing  as  much  as  possible  the  admission 
of  cold  air  to  the  furnace.  This  is  why  the  automatic 
or  mechanical  stoker,  if  it  be  of  the  proper  design,  is 
more  economical  and  causes  less  smoke  than  hand  firing. 
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The  fireman  when  he  puts  in  a  fire  is  prone  to  shovel  in 
a  good  supply  all  at  once,  and  this  has  the  tendency  to 
greatly  reduce  the  temperature  of  the  furnace,  while  at 
the  same  time  it  retards  combustion.  On  the  other  hand 
the  mechanical  stoker  supplies  the  coal  continuously  only 
as  fast  as  it  is  required  and  no  faster,  and  the  furnace 
doors  do  not  need  to  be  opened  at  all,  by  which  a  large 
volume  of  cold  air  is  prevented  from  entering  the  fur- 
nace and  reducing  the  temperature.  The  author  does 
not  wish  to  be  understood  as  recommending  the  adoption 
and  use  of  mechanical  stokers  to  replace  hand  firing,  but 
he  draws  this  contrast  between  the  two  methods  of  firing 
in  order  that  it  may  be  of  some  benefit  to  the  thousands 
of  honest  toilers  who  earn  a  livelihood  by  shoveling  coal 
into  boiler  furnaces. 

The  problem  of  the  economical  use  of  coal  and  the 
abatement  of  the  smoke  nuisance,  especially  in  our  large 
cities,  has  of  late  years  become  so  serious  that  it  is  to  the 
interest  of  every  engineer,  and  especially  every  fireman, 
to  use  the  utmost  diligence,  care  and  good  judgment  in 
the  use  of  cpal,  and  to  emulate  as  much  as  possible  the 
methods  of  the  mechanical  stoker. 

Heat.  All  matter,  whether  solid,  liquid  or  gaseous, 
consists  of  molecules,  or  atoms,  which  are  in  a  state  of 
continual  vibration,  and  the  result  of  this  vibration  is 
heat.  The  intensity  of  the  heat  evolved  depends  upon 
the  degree  of  agitation  to  which  the  molecules  are  sub- 
ject. 

Heat  Effects.  When  heat  is  added  to  or  taken  from 
a  body,  either  the  temperature  of  the  body  is  altered,  or 
its  volume  is  varied,  or  its  state  is  changed.  Thus,  if  heat 
be  added  to  water  und^r  atmospheric  pressure,  the  tem- 
perature of  the  water  increases  until  it  reaches  212°F.   If 
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more  heat  be  add<ed  and  the  pressure  remains  unchangred, 
the  temperature  does  not  further  increase,  but  the  water 
evaporates  into  steam.  Heat  thus  changes  water  from  a 
liquid  to  a  gaseous  state.  If  heat  be  abstracted  from 
water  the  temperature  is  reduced  until  it  reaches  32°  F., 
after  which  any  diminution  of  heat  does  not  further  de- 
crease the  temperature,  until  the  liquid  is  converted  into 
a  solid,  or  ice.  The  quantity  of  heat  passing  from  one 
body  to  another  can  thus  be  estimated  by  the  effects  pro- 
duced. Therefore  heat  is  something  that  can  be  both 
transferred  and  measured. 

Tie  general  erfect  of  heat  on  a  body  is  to  increase  its 
volume.  If  heat  be  abstracted  from  a  body  the  contrary 
effect  ensues,  and  the  volume  is  diminished.  Hence  the 
general  principle,  to  which,  however,  there  are  some  ex- 
ceptions, that  heat  expands  and  cold  contracts.  Those 
effects,  arising  from  a  change  of  temperature,  are  pro- 
duced in  very  different  degrees  according  to  the  nature 
of  the  bodies.  They  are  small  in  solids,  greater  in  liquids, 
and  greater  still  in  gases. 

It  is  well  known  that  the  work  expended  in  friction 
apparently  is  lost  as  regards  mechanical  work ;  that  heat 
is  developed  when  friction  occurs;  that  the  greater  the 
friction  the  greater  is  the  amount  of  heat  produced.  Ex- 
periments have  proved  that  the  amount  of  heat  generated 
by  friction  is  exactly  equivalent  to  the  amount  of  work 
lost,  whence  it  is  shown  that  heat,  like  mechanical  work 
is  one  of  the  forms  of  energy. 

Thermometers.  In  consequence  of  the  uniform  expan- 
sion of  mercury  and  its  great  sensitiveness  to  heat,  it  is 
the  fluid  most  commonly  used  in  the  construction  of  ther- 
mometers. In  all  thermometers  the  freezing  and  the  boil- 
ing poiot  of  water,  under  me^n  atmospheric  pressure  at 
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TABLE  15. 
COMPARISON  OP  THERMOMETER  SCALES. 


Absolute  Zero 

Freezing  Point 

Maximum  Density  of ) 
Water J 

Boiling  Point 


Fahrenheit 


-460.66 
0 
10 
20 
80 
32 

89.1 

60 

75 
100 
200 
212 
250 
300 
350 


Centigrade 


—273.70 

—17.77 

—12.23 

—6.67 

—1.11 

0. 

3.94 

10. 

23.89 

37.78 

98.34 

100. 

121.11 

148.89 

176.67 


Reaumur 


-218.96 

—14.22 

—9.77 

—5.83 

—0.88 

0. 

8.15 

8. 

19.11 
80.22 
74.66 
80. 
96.88 
119.11 
141.33 


F=|C+32^=|R+32^ 
C  =  f(F-32«»)=|R. 
R=|C  =  *(F-32*'). 


sea  level,  are  assumed  as  two  fixed  points,  but  the  di- 
vision of  the  scale  between  these  two  points  varies  in  dif- 
ferent countries,  hence  there  are  in  use  three  thermom- 
eters, known  as  the  Fahrenheit,  the  Centigrade  or  Celsius, 
and  the  Reaumur.  In  the  Fahrenheit  the  space  between 
the  two  fixed  points  is  divided  into  180  parts ;  the  boiling 
point  is  marked  212,  and  the  freezing  point  is  marked  32, 
and  zero  is  a  temperature  which,  at  the  time  this  ther- 
mometer was  invented,  was  incorrectly  imagined  to  be 
the  lowest  temperature  attainable.     In  the  Centigrade 
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and  the  Reaumur  scales  the  diartance  between  the  two 
fixed  points  is  divided  into  100  and  80  parts,  respectively. 
In  each  of  these  two  scales  the  freezing  point  is  marked  0 
and  the  boiling  point  is  marked  100  in  the  Centigrade 
and  80  in  the  R^aimiur.  Bach  of  the  180,  100  or  80  divi- 
sions is  termed  a  degree.  Table  15  and  the  appended  for- 
mulas are  useful  for  converting  one  scale  to  another. 

ABSOLUTE  ZERO. 

At  32°  F.  a  perfect  gas  expands  j^^r-w^    part  of  its 

^aZ,  DO 

volume,  if  its  temperature  is  increased  one  degree  and 
its  pressure  remains  constant.  This  rate  of  expansion 
holds  good  at  all  temperatures  above  the  freezing  point, 
in  the  case  of  the  gas,  which  would  double  its  volume  if 
under  a  constant  pressure  its  temperature  were  raised  to 
32° +492.66  =  524.66°  F.,  while  under  a  diminution 
of  temperature  it  would  shrink  and  finally  disappear  at 
a  temperature  of  492.66  —  32  =  460.66°  below  zero  F. 

Therefore  the  temperature  460.66°,  or  for  the  sake  of 
simplicity,  4G1°F.  is  taken  as  absolute  zero. 

Until  as  late  as  the  beginning  of  the  nineteenth  century 
two  rival  theories  in  regard  to  the  nature  of  heat  had 
been  advocated  by  scientists.  The  older  of  these  theories 
was  that  heat  was  a  material  substanee,  a  subtle,  elastic 
fluid  termed  caloric,  and  that  this  fluid  penetrated  matter 
something  like  water  penetrates  a  sponge.  But  this 
theory  was  shown  to  be  false  by  the  wonderful  researches 
and  experiments  of  Count  Rumford  at  Munich,  Bavaria, 
m  1798. 

By  means  of  the  friction  between  two  heavy  metallic 
bodies  placed  in  a  wooden  trough  filled  with  water,  one  of 
the  pieces  of  metal  being  rotated  by  machinery  driven 
by  horses,  Count  Rumford  succeeded  in  raising  the  tem- 
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peratupe  of  the  water  in  two  and  one-half  hours  from  its 
original  temperature  of  60°  to  212°  F.,  the  boiling  point, 
thus  demonstrating  that  heat  is  not  a  material  substance, 
but  that  it  is  due  to  vibration  or  motion,  an  internal  com- 
motion among  the  molecules  of  matter.  This  theory, 
known  as  the  Kinetic  theory  of  heat,  has  since  been  gen- 
erally accepted,  although  it  was  nearly  fifty  years  after 
Rumford  advocated  it  in  a  paper  read  before  the  Royal 
Society  of  Great  Britain  in  1798,  before  scientists  gen- 
erally became  converted-  to  this  idea  of  the  nature  of 
heat,  and  the  science  of  thermo-dynamics  placed  on  a 
firm  basis. 

During  the  period  from  1840  to  1849  Dr.  Joule  made 
a  series  of  experiments  which  not  only  confirmed  the 
truth  of  Count  Rumford 'si  theory  that  heat  was  not  a 
material  substance,  but  a  form  of  energy  which  may  be 
applied  to  or  taken  away  from  bodies,  but  Joule's  experi- 
ments also  established  a  method  of  estimating  in  mechan- 
ical units  or  foot  pounds  the  amount  of  that  energy.  This 
latter  was  a  most  important  discovery,  because  by  means 
of  it  the  exact  relation  between  heat  and  work  can  be 
accurately  measured. 

The  first  law  of  thermo-dynamics  is  this:  Heat  and 
mechanical  energy  or  work  are  mutually  convertible. 
That  is,  a  certain  amount  of  work  will  produce  a  certain 
amount  of  heat,  and  the  heat  thus  produced  is  capable  of 
producing  by  its  disappearance  a  fixed  amount  of  me- 
chanical energy  if  rightly  applied.  The  mechanical 
energy  in  the  form  of  heat  which,  through  the  medium 
of  the  steam  engine,  has  revolutionized  the  world,  was 
first  stored  up  by  the  sun  *s  heat  millions  of  years  ago  in 
the  coal  which  in  turn,  by  combustion,  is  made  to  release 
it  for  purposes  of  mechanical  work. 
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The  general  principles  of  Dr.  Joule's  device  for  meas- 
uring the  amount  of  work  in  heat  are  illustrated  in  Fig. 
87.  It  consisted  of  a  small  copper  cylinder  containing 
a  known  quantity  of  water  at  a  known  temperature.  In- 
side the  cylinder  and  extending  through  the  top  was  a 
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Fig.  87. 
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vertical  shaft  to  which  were  fixed  paddles  for  stirring 
the  water.  Stationary  vanes  were  also  placed  inside  the 
cylinder.  Motion  was  imparted  to  the  shaft  through  the 
medium  of  a  cord  or  small  rope  coiled  around  a  drum 
pi^ajr  tJiQ  top  of  the  shaft  and  running  over  a  grooved 
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pulley  or  sheave.  To  the  free  end  of  the  cord  a  known 
weight  was  attached.  This  weight  was  allowed  to  fall 
through  a  certain  distance,  and  in  falling  it  turned  the 
shaft  with  its  paddles^  which  in  turn  agitated  the  water, 
thus  producing  a  certain  amount  of  heat.  To  illusrtirate, 
suppose  the  weight  to  be  77.8  lbs.,  and  that  by  means  of 
the  crank  at  the  top  end  of  the  shaft  it  has  been  raised 
to  the  zero  mark  at  the  top  of  the  scale.  (See  Fig.  87.) 
One  pound  of  waAer  at  39.1°  F.  is  poured  into  the  copper 
cylinder,  which  is  then  closed  and  the  weight  released. 
At  the  moment  the  weight  passes  the  10  ft.  mark  on  the 
scale,  the  thermometer  attached  to  the  cylinder  will  in- 
dicate that  the  temperature  of  the  water  has  been  raised 
one  degree.  Then  multiplying  the  number  of  pounds  in 
the  weight  by  the  distance  in  feet  through  which  it  fell 
will  give  the  number  of  foot  pounds  of  work  done.  Thus, 
77.8  lbs.  X  10  ft.  =  778  foot  pounds. 

The  heat  unit  or  British  thermal  unit  (B.  T.  U.)  is  the 
quantity  of  heat  required  to  raise  the  temperature  of  one 
pound  of  water  one  degree,  or  from  39°  to  40°  F.,  and 
the  amount  of  mechamieal  work  required  to  produce  a 
unit  of  heat  is  778  foot  pounds.  Therefore  the  mechan- 
ical equivalent  of  heat  is  the  energy  required  to  raise 
778  lbs.  one  foot  high,  or  77.8  lbs.  10  ft.  high,  or  1  lb.  778 
feet  high.  Or  again,  suppose  a  one-pound  weight  falls 
through  a  space  of  778  ft.  or  a  weight  of  778  lbs.  falls 
one  foot,  enough  mechanical  energy  would  thus  be  de- 
veloped to  raise  a  pound  of  water  one  degree  in  tempera- 
ture, provided  all  the  energy  so  developed  could  be  util- 
ized in  churning  or  stirring  the  water,  as  in  Joule's  ma- 
chine. Hence  the  mechanical  equivalent  of  heat  is  778 
foot  pounds. 

Specific  Heat,    The  specific  heat  of  any  substance  is 
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the  ratio  of  the  quantity  of  heat  required  to  raise  a  given 
weight  of  that  substance  one  degree  in  temperature,  to  the 
quantity  of  heat  required  to  raise  an  equal  weight  of 
water  one  d^ree  in  temperature  when  the  water  is  at  its 
maximum  density,  39.1°  F.  To  illustrate,  take  the 
specific  heat  of  lead,  for  instance,  which  is  .031,  while  the 
specific  heat  of  water  is  1.  That  means  that  it  would 
require  31  times  as  much  heat  to  raise  one  pound  of 
water  one  degree  in  temperature  as  it  would  to  raise  the 
temperature  of  a  pound  of  lead  one  degree. 

The  following  table  gives  the  specific  heat  of  different 
substances  in  which  engineers  are  most  generally  inter- 
ested: 

Water  at  39.1°  P 1.000 

Ice  at  32°  P 504 

Steam  at  212°  P 480 

Mercury 033 

Cast  iron  130 

Wrought  iron  113 

Soft  steel .116 

Copper 095 

Lead 031 

Coal  240 

Air 238 

Hydrogen  3.404 

Oxygen 218 

Nitrogen   244 

Sensible  Heat  and  Latent  Heat,  The  plainest  and 
most  simple  definition  of  these  two  terms  is  that  given 
by  Sir  Wm.  Thomson.  He  says:  **Heat  given  to  a  body 
and  warming  it  is  sensible  heat.  Heat  given  to  a  body 
and  not  warming  it  is  latent  heat."    Sensible  heat  in  a 
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substance  is  the  heat  that  can  be  measured  in  degrees  of 
a  thermometer,  while  latent  heat  is  the  heat  in  any  sub- 
stance that  is  not  shown  by  the  thermometer. 

To  illustrate  this  more  fully  a  brief  reference  to  some 
experiments  made  by  Professor  Black  in  1762  will  no 
doubt  make  the  matter  plain.  It  will  be  remembered 
that  at  that  early  date  comparatively  little  was  known 
of  the  true  nature  of  beat,  hence  Professor  Black's  in- 
vestigations and  discoveries  along  this  line  appear  all 
the  more  wonderful.  He  procured  equal  weights  of  ice 
at  32°  F.  and  water  at  the  same  temperature,  that  is,  just 
at  the  freezing  point,  and  placing  them  in  separate  glass 
vessels  suspended  the  vessels  in  a  room  in  which  the  uni- 
form temperature  was  47°  F.  He  noticed'  that  in  one- 
half  hour  the  water  had  increased  7°  F.  in  temperature, 
but  that  twenty  half  hours  elapsed  before  all  of  the  ice 
was  melted.  Therefore  he  reason-rjd  that  twenty  times 
more  heat  had  entered  the  ice  than  had  entered  the  water*, 
because  at  the  end  of  twenty  half  hours  when  the  ice 
was  all  melted  the  water  in  both  vessels  was  of  the  same 
temperature.  The  water  having  absorbed  7°  of  heat 
during  the  first  half  hour  must  have  continued  to  absorb 
heat  at  the  same  rate  during  the  whole  of  the  twenty  half 
hours,  although  the  thermometer  did  not  indicate  it. 
From  this  he  calculated  that  7°  X  20  =  140°  of  heat  had 
become  latent  or  hidden  in  the  water. 

In  another  experiment  Professor  Black  placed  a  lump 
of  melting  ico,  which  he  estim-ated  to  be  at  a  temperature 
of  33°  F.  on  the  surface,  in  a  vessel  containing  the  same 
weight  of  water  at  176°  F.,  and  he  observed  that  when 
the  whole  of  the  ice  had  been  melted  the  temperature  of 
the  water  was  33°  F.,  thus  proving  that  143°  of  heat 
(176°  —  33°)  had  been  absorbed  in  melting  the  ice  laid 
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was  at  that  moment  latent  in  the  water.  By  these  two 
experiments  Professor  Black  established  the  theory  of 
the  latent  heat  of  water,  and  his  estimate  was  very  near 
the  truth  because  the  results  obtained  since  that  time 
by  the  greatest  experimenters  show  that  the  latent  heat 
of  water  is  142  heat  units,  or  B.  T.  U. 

Black's  experiment  for  ascertaining  the  latent  heat  in 
steam  at  atmospheric  pressure  was  made  in  the  following 
simple  manner :  He  placed  a  flat,  open  tin  dish  on  a  hot 
plate  over  a  fire  and  into  the  dish  he  put  a  small  quantity 
of  water  at  50°  P.  In  four  minutes  the  water  b^an  to 
boil,  and  in  twenty  minutes  more  it  had  all  evaporated. 
In  the  first  four  minutes  the  temperature  had  increased 
212°  —  50°  =  162°,  and  the  temperature  remained  at 
212°  throughout  the  twenty  minutes  that  it  required  to 
evaporate  all  the  water,  despite  the  fact  that  the  water 
had  been  receiving  heat  during  this  period  at  the  same 
rate  as  during  the  first  four  minutes.  He  therefore  rea- 
soned that  in  the  twenty  minutes  the  water  had  absorbed 
five  times  as  much  heat  as  it  had  in  the  four  minutes,  or 
160°  X  5  =  810°,  without  any  sensible  rise  in  temper- 
ature. Therefore  the  810°  became  latent  in  the  steam. 
Owing  to  the  crude  nature  of  the  experiment  Professor 
Black's  estimate  of  the  number  of  degrees  of  latent  heat 
in  steam  was  incorrect,  as  it  has  been  proven  by  many 
famous  experimenters  since  then  that  the  latent  heat  of 
steam  at  atmospheric  pressure  is  965.7  B.  T.  U. 

It  will  thus  be  perceived  that  what  is  meant  by  the 
term  latent  heat  is  that  quantity  of  heat  which  becomes 
hidden  or  latent  when  the  state  of  a  body  is  changed  from 
a  solid  to  a  liquid,  as  in  the  case  of  melting  ice,  or  from  a 
liquid  to  a  gaseous  state,  as  with  water  evaporated  into 
steam.    But  the  heat  so  disappearing  has  not  been  lost, 
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on  the  contrary  it  has,  while  becoming  Ifttent,  been  doing 
an  immense  amount  of  work,  as  can  easily  be  ascertained 
by  means  of  a  few  simple  figures.  It  has  been  seen  that 
a  heat  unit  is  the  quantity  of  heat  required  to  raise  one 
pound  of  water  one  degree  in  temperature  and  also  that 
the  mechanical  equivalent  of  heat,  or,  in  other  words,  the 
mechanical  energy  stored  in  one  heat  unit  is  equal  to  778 
foot  pounds  of  work. 

A  horse  power  equals  33,000  ft.  lbs.  of  energy  in  one 
minute  of  time,  and  a  heat  unit  =  778  -r-  33,000  =  .0236, 
or  about  1-43  of  a  horse  power.  The  work  done  by  the 
heat  which  becomes  latent  in  converting  one  pound  of  ice 
at  32°  F.  into  water  at  the  same  temperature  =  142  heat 
unite  X  778  ft.  lbs.  =  110,476  ft.  lbs.,  which  divided  by 
33,000  equals  3.34  horse  power.  Again,  by  the  evapora- 
tion of  one  pound  of  water  from  32°  F.  into  steam  at 
atmospheric  pressure,  965.7  unite  of  heat  become  latent 
in  the  steam  and  the  work  done  =965.7X778=751,314 
ft.  lbs,  =  22.7  horse  power.  It  will  thus  be  seen  what 
tremendous  energy  lies  stored  in  one  pound  of  coal, 
which  contains  from  12,000  to  14,500  heat  unite,  pro- 
vided all  the  heat  could  be  utilised  in  an  engine. 

Total  Heat  of  Evaporation.  In  order  to  raise  the  tem- 
perature of  one  pound  of  water  from  the  freezing  point, 
32°  F.,  to  the  boiling  point,  212°  F.,  there  must  be  added 
to  the  temperature  of  the  water  212°  —  32°  =  180°. 
Thia  represente  the  sensible  heat.  Then  to  make  the 
water  boil  at  atmospheric  pressure,  or,  in  other  words,  to 
evaporate  it,  there  must  still  be  added  965.7  B.  T.  U., 
thus  180  -f  965.7  =  1,145.7,  or  in  round  numbers  1,146 
heat  unite.  This  represente  what  is  termed  the  total  heat 
of  evaporation  at  atmospheric  pressure  and  is  the  sum 
of  the  sensible  and  latent  heat  in  steam  at  that  pressure. 
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But  if  a  thermometer  were  held  in  steam  evaporating  into 
the  open  air,  as,  for  instance,  in  front  of  the  spout  of  a 
tea-kettle,  it  would  indicate  but  212°  F. 

When  steam  is  generated  at  a  higher  pressure  than 
212*^,  the  sensible  heat  increases  and  the  latent  heat  de- 
creases slowly,  while  at  the  same  time  the  total  heat  of 
evaporation  slowly  increases  as  the  pressure  increases, 
but  not  in  the  same  ratio.  As,  for  instance,  the  total  heat 
in  steam  at  atmospheric  pressure  is  1,146  B.  T.  U.,  while 
the  total  heat  in  steam  at  100  lbs.  gauge  pressure  is  1,185 
B.  T.  U.,  and  the  sensible  temperature  of  steam  at  at- 
mospheric pressure  is  212°,  while  at  100  lbs.  gauge  pres- 
sure the  temperature  is  338  and  the  latent  heat  is  876 
B.  T.  U. 

Water.  The  elements  that  enter  into  the  composition 
of  pure  water  are  the  two  gases,  hydrogen  and  oxygen, 
in  the  following  proportions : 

By  volume,  hydrogen       2,  oxygen       1. 
By  weight,        ''  11.1,     /'       88.9. 

Perfectly  pure  water  is  not  attainable,  neither  is  it 
desirable  nor  necessary  to  the  welfare  of  the  human  race, 
because  the  presence  of  certain  proportions  of  air  and 
ammonia  add  greatly  to  its  value  as  an  agent  for  manu- 
facturing purposes  and  for  generating  steam.  The  near- 
est approach  to  pure  water  is  rain  water,  but  even  this 
contains  2.5  volumes  of  air  to  each  100  volumes  of  water. 
Pure  distilled  water,  such  for  instance  as  the  return 
water  from  steam  heating  systems,  is  not  desirable  for 
use  alone  in  a  boiler,  as  it  will  cause  corrosion  and  pitting 
of  the  sheets,  but  if  it  is  mixed  with  other  water  before 
going  into  the  boiler  its  use  is  highly  beneficial,  as  it  will 
prevent  to  a  certain  degree  the  formation  of  scale  and 
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incrustatioiu  Nearly  all  water  used  for  the  generation 
of  steam  in  boilers  contains  more  or  less  scale-forming 
matter,  such  as  the  carbonates  of  lime  and  magnesia,  the 
sulphates  of  lime  and  magnesia,  oxide  of  iron,  silica 
and  organic  matter,  which  latter  tends  to  cause  foaming 
in  boilers. 

The  carbonates  of  lime  and  magnesia  are  the  chief 
causes  of  incrustation.  The  sulphate  of  lime  forms  a 
hard  crystalline  scale  which  is  extremely  difficult  to  re- 
move when  once  formed  on  the  sheets  and  tubes  of  boil- 
ers. Of  late  years  the  intelligent  application  of  chemistry 
to  the  analyzing  of  feed  waters  has  been  of  great  benefit 
to  engineers  and  steam  users,  in  that  it  has  enabled  them 
tv.  properly  treat  the  water  with  solvents  either  before  it 
is  pumped  into  the  boiler,  or  by  the  introduction  into  the 
boiler  of  certain  scale  preventing  compounds  made  espe- 
cially for  treating  the  particular  kind  of  water  used. 
Where  it  is  necessary  to  treat  water  in  this  manner  great 
care  and  watchfulness  should  be  exercised  by  the  en- 
gineer in  the  selection  and  use  of  a  boiler  compound. 

From  ten  to  forty  grains  of  mineral  matter  per  gallon 
are  held  in  solution  by  the  waters  of  the  different  rivers, 
streams  and  lakes;  well  and  mine  water  contains  still 
more. 

Water  contracts  and  becomes  denser  in  cooling  until 
it  reaches  a  temperature  of  39.1°  F.,  its  point  of  great- 
est density.  Below  this  temperature  it  expands  and 
at  32°  F.  it  becomes  solid  or  freezes,  and  in  the  act  of 
freezing  it  expands  considerably,  as  everj'  engineer  who 
has  had  to  deal  with  frozen  water  pipes  can  testify. 

Water  is  815  times  heavier  than  atmospheric  air.  The 
weight  of  a  cubic  foot  of  water  at  39.1°  is  approximately 
62.5  lbs.,,  although  authorities  differ  on  this  matter,  some 
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of  them  placing  it  at  62.379  lbs.,  and  others  at  62.425 
lbs,  per  cubic  foot.  As  its  temperature  increases  it» 
weight  per  cubic  foot  decreases  until  at  212°  F.  one 
cubic  foot  weighs  59.76  lbs. 

The  table  which  follows  is  compiled  from  various 
sources  and  gives  the  weight  of  a  cubic  foot  of  water  at 
diflferent  temperatures. 

TABLE  16. 


Temper- 
ature 

Weiffbtper 
CabfcFoot 

Temper- 
ature 

Weiffht  per 
Cable  Foot 

Temperw 
ature 

Welgbtper 
Cubic  F^t 

32*  P. 

63.4a  lbs. 

13a*  F. 

61.53  lbs. 

330*  P. 

59.37  Iba 

4a* 

63.4a 

143* 

6I.34 

340* 

59.  xo 

Sa- 

63.40 

'K 

61.14 

350- 

5&8S 

to' 

63.36 

I63' 

60.94 

36o* 

58.5a 

72* 

63.30 

173' 

60.73 

370' 

58.31 

te* 

63.3Z 

l83* 

60.50 

300* 

57.a6 

ga* 

63.11 

X93* 

60.37 

330' 

56.34 
55.16 

!<»• 

63.00 

303* 

60.O8 

360* 

iia* 

61.86 

313* 

59.76 

390* 

54.0$ 

1«2* 

61.70 

330* 

59.64 

4ao* 

53.86 

The  boiling  point  of  water  varies  according  to  the 
pressure  to  which  it  "is  subject.  In  the  open  air  at  sea 
level  the  boiling  point  is  212°  P.  When  confined  in  a 
boiler  under  steam  pressure  the  boiling  point  of  water 
depends  upon  the  pressure  and  temperature  of  the 
steam,  as,  for  instance,  at  100  lbs.  gauge  pressure  the 
temperature  of  the  steam  is  338°  F.,  to  which  tempera- 
ture the  water  musit  be  raised  before  its  molecules  will 
separate  and  be  converted  into  steam.  In  the  absence 
of  any  pressure,  as  in  a  perfect  vacuum,  water  boils  at 
32°  P.  temperature.  In  a  vacuum  of  28  in.,  correspond- 
ing to  an  absolute  pressure  of  .943  lbs.,  water  will  boil 
at  100°,  and  in  a  vacuum  of  26  in.,  at  which  the  absolute 
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pressure  is  2  lbs.,  the  boiling  point  of  water  is  127°  P. 
On  the  tops  of  high  mountains  in  a  rarefied  atmosphere 
water  will  boil  at  a  much  lower  temperature  than  at  sea 
level,  for  instance  at  an  altitude  of  15,000  ft.  above  sea 
level  water  boils  at  184°  F. 

Table  17  gives  the  boiling  point  of  water  at  various 
altitud'es  above  sea  level,  also  the  atmospheric  pressure 
in  pounds  per  square  inch. 

Steam.  Having  discussed  to  some  extent  the  physical 
properties  of  water,  it  is  now  in  order  to  devote  some 
time  to  the  study  of  the  nature  of  steam,  which  is  simply 
water  in  its  gaseous  form  made  so  by  the  application  of 
heat 

As  has  been  stated  in  another  portion  of  this  book, 
matter  consists  of  molecules  or  atoms  inconceivably  small 
in  size,  yet  each  having  an  individuality,  and  in  the  case 
of  solids  or  liquids,  each  having  a  mutual  cohesion  or  at- 
traction for  the  other,  and  all  being  in  a  state  of  con- 
tinual vibration  more  or  less  violent  according  to  the 
temperature  of  the  body. 

The  law  of  gravitation  which  holds  the  universe  to- 
gether, also  exerts  its  wonderful  influence  on  these  atoms 
and  causes  them  to  hold  together  with  more  or  less  ten- 
acity according  to  the  nature  of  the  substance.  Thus  it 
is  much  more  diflScult  to  chip  off  pieces  of  iron  or  granite 
than  it  is  of  wood.  But  in  the  case  of  water  and  other 
liquids  the  atoms,  while  they  adhere  to  each  other  to  a 
certain  extent,  still  they  are  not  so  hard  to  separate,  in 
fact,  they  are  to  some  extent  repulsive  to  each  other,  and 
unless  confined  within  certain  bounds  the  atoms  will 
gradually  scatter  and  spread  out,  and  finally  either  be 
evaporated  or  sink  out  of  sight  in  the  earth's  surface. 
Heat  applied  to  any  substance  tends  to  accelerate  the 
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TABLE  17, 

BOILING  POINT  OP  WATEE  AT  VARIOUS 
ALTITUDES. 


BoUins  Point    AWtu<Je  above   *Sl2Sre 
io  degrees  8e»-LeveL        iwdS  Mr 

F.toenJ.ett.  Feet.  ^^'^i 


Barotneter. 
Inches. 


184 

15,221 

8.19 

16.79 

185 

14,649 

8.37 

17.16 

186 

14,075 

8.56 

17.54 

187 

13,498 

8.75 

17.93 

186 

12,934 

8.94 

18.32 

189 

12,367 

9.13 

18.72 

190 

11,799 

9.33 

19.13 

191 

11,243 

i9.53 

19.54 

192 

10,685 

9.74 

19.96 

193 

10,127 

9.95 

20.39 

194 

9,579 

10.16 

20.82 

195 

9,031 

10.38 

2i:26 

196 

8,481 

10.60 

21.71 

197 

7,932 

10.82 

22.17 

198 

7,381 

11.05 

22.64 

199 

6,843 

11.28 

23.11 

200 

6,304 

11.52 

23.59 

201 

5,764 

11.76 

24.08 

202 

5,225 

12.01 

24.58 

203 

4,697 

12.25 

25.08 

204 

4,169 

12.51 

25.59 

205 

3,642 

12.77 

26.11 

206 

3,115 

13.03 

26.64 

207 

2,589 

13.29 

27.18 

208 

2,063 

13.57 

27.73 

209 

1,539 

13.84 

28.29 

•       210 

1,025 

14.12 

28.85 

211 

512 

14.41 

29.42 

212 

Sea-Lev€l 

14.70 

30.00 
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vibrations  of  the  molecules,  and  if  enough  heat  is  applied 
it  will  reduce  the  hardest  substances  to  a  liquid  or  gas- 
eous state. 

The  process  of  the  generation  of  steam  from  water  is 
simply  an  increase  of  the  natural  vibrations  of  the  mole- 
cules of  the  water,  caused  by  the  application  of  heat  until 
they  lose  all  attraction  for  each  other  and  become  instead 
entirely  repulsive,  and  unless  confined  will  fly  oflf  into 
space.  But  being  confined  they  continually  strike  against 
the  sides  of  the  containing  vessel,  thus  <;ausing  the  pres- 
sure which  steam  or  any  other  gas  exerts  when  under  con- 
finement. 

Of  course  steam,  like  other  gases,  when  under  pressure, 
is  invisible,  but  the  laws  governing  its  action  are  well 
known.  These  laws,  especially  those  relating  to  the  ex- 
pansion of  steam,  will  be  more  fully  discussed  in  the 
section  on  the  Indicator.  The  temperature  of  steam  in 
contact  with  the  water  from  which  it  is  generated,  as  for 
instance  in  the  ordinary  steam  boiler,  depends  upon  the 
pressure  under  which  it  is  generated.  Thus  at  atmos- 
pheric pressure  its  temperature  is  212°  F.  If  the  vessel 
is  closed  and  the  pressure  increased  the  temperature  of 
the  steam  and  also  that  of  the  water  rises. 

Saturated  Steam.  When  steam  is  taken  directly  from 
the  boiler  to  the  engine  without  being  superheated,  it  is 
termed  saturated  steam.  This  does  not  necessarily  imply 
that  it  is  wet  and  mixed  with  spray  and  moisture. 

Superheated  Steam,  When  steam  is  conducted  into 
or  through  a  vessel  or  coils  of  pipe  separate  from  the 
boiler  in  which  it  was  generated  and  is  there  heated  to  a 
higher  temperature  than  that  due  to  its  pressure,  it  is 
said  to  be  superheated. 

Dry  Steam.    When  steam  contains  no  moisture  it  is 
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said  to  be  dry.    Dry  steam  may  be  either  saturated  or 
superheated. 

Wet  Steam.  When  steam  contains  mist  or  spray  inter- 
mingled it  is  termed  wet  steam,  although  it  may  have 
the  same  temperature  as  dry  saturated  steam  of  the  same 
pressure. 

During  the  further  consideration  of  steam  in  this  book, 
saturated  steam  will  be  mainly  under  discussion  for  the 
reason  that  this  is  the  normal  condition  of  steam  as  used 
most  generally  in  steam  engines. 

Total  Heat  of  Steam.  The  total  heat  in  steam  includes 
the  heat  required  to  raise  the  temperature  of  the  water 
from  32°  F.  to  the  temperature  of  the  steam  plus  the  heat 
required  to  evaporate  the  water  at  that  temperature. 
This  latter  heat  becomes  latent  in  the  steam,  and  is  there- 
fore called  the  latent  heat  of  steam. 

The  work  done  by  the  heat  acting  within  the  mass  of 
water  and  causing  the  molecules  to  rise  to  the  surface  is 
termed  by  scientists  internal  work,  and  the  work  done  in 
compressing  the  steam  already  formed  in  the  boiler  or  in 
pushing  it  against  the  superincumbent  atmosphere,  if  the 
vessel  be  open,  is  termed  external  work.  There  are,  there- 
fore, in  reality  three  elements  to  be  taken  into  consider- 
ation in  estimating  the  total  heat  of  steam,  but  as  the 
heat  expended  in  doing  external  work  is  done  within  the 
mass  itself  it  may,  for  practical  purposes,  be  included  in 
the  general  term  latent  heat  of  steam. 

Density  of  Steam.  The  expression  density  of  steam 
means  the  actual  weight  in  pounds  or  fractions  of  a 
pound  avoirdupois  of  a  given  volume  of  steam,  as  one 
cubic  foot.  This  is  a  very  important  point  for  young 
engineers  especially  to  remember,  so  as  not  to  get  the  two 
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terms,  pounds  pressure  and  pounds  weight,  mixed,  as 
some  are  prone  to  do. 

Volume  of  Steam.  By  this  term  is  meant  the  volume 
as  expressed  by  the  number,  of  cubic  feet  in  one  pound 
weight  of  steam. 

Relative  Volume  of  Steam.  This  expression  has  refer- 
ence to  the  number  of  volumes  of  steam  produced  from 
one  volume  of  water.  Thus  the  steam  produced  by  the 
evaporation  of  one  cubic  foot  of  water  from  39°  F.  into 
steam  at  atmospheric  pressure  will  occupy  a  space  of 
1646  cu.  ft.,  but,  as  the  steam  is  compressed  and  the  pres- 
sure allowed  to  rise,  the  relative  volume  of  the  steam  be- 
comes smaller,  as  for  instance  at  100  Ib^.  gauge  pressure 
the  steam  produced  from  one  cubic  foot  of  water  will 
occupy  but  237.6  cu.  ft.,  and  if  the  same  steam  was  com- 
pressed to  1,000  lbs.  absolute  or  985.3  lbs.  gauge  pressure 
it  would  then  occupy  only  30  cu.  ft. 

The  condition  of  steam  as  regards  its  dryness  may  be 
approximately  estimated  by  observing  its  appearance  as 
it  issues  from  a  pet  cock  or  other  small  opening  into  the 
atmosphere.  Dry  or  nearly  dry  steam  containing  about 
1  per  cent  of  moisture  will  be  transparent  close  to  the 
orifice  through  which  it  issues,  and  even  if  it  is  of  a  gray- 
ish white  color  it  may  be  estimated  to  contain  not  over  2 
per  cent  of  moisture. 

Steam  in  its  relation  to  the  engine  should  be  consid- 
ered in  the  character  of  a  vehicle  for  transferring  the 
energy,  created  by  the  heat,  from  the  boiler  to  the  engine. 
For  this  reason  all  steam  drums,  headers  and  pipes 
should  be  thoroughly  insulated  in  order  to  prevent,  as 
much  as  possible,  the  loss  of  heat  or  energy  by  radiation. 

There  is  a  wide  difference  in  the  value  of  different 
substances  for  protection   from  radiation,  their  value 
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TABLE  18. 

REIiATIVi:  VALUE  OF  NON-CONDUCTING  MATERIALS 


SUBSTANCE. 

VALUE, 

*Loo8eWool.            .            .            .            .      . 

3.36 

*Loo8e  Lampblack 

1.12 

*Gee8e  Feathers 

1.08 

*Felt,  Hair  or  Wool 

1. 

♦Carded  Cotton 

1. 

*Charcoal  from  Cork 

.87 

Mineral  Wool 

.68  to    .83 

Fossil  Meal 

.66  to    .79 

*Straw  Rope,  wound  spirally 

.77 

*Rice  Chaff,  loose 

.76 

Carbonate  Magnesia 

.67  to    .76 

•Charcoal  from  Wood      . 

.63  to    .75 

♦Paper 

.60  to    .74 

♦Cork       .... 

.71 

*Sawdust        ... 

.61  to    .68 

Paste  of  Fossil  Meal  and  Hair  . 

.63 

Wood  Ashes 

.61 

*Wood,  across  grain 

.40  to    .66 

Loam,  dry  and  open 

.66 

Chalk,  ground,  Spanish  white . 

.51 

Coal  Ashes  . 

.35  to    .49 

Gas-house  Carbon 

.47 

Asbestos  Paper 

.47 

Paste  of  Fossil  Meal  and  Asbestos 

.47 

Asbestos,  fibrous     . 

.36 

Plaster  of  Paris,  dry      . 

.34 

Clay,  with  vegetable  fiber   . 

.34 

Anthracite  Coal,  powdered 

.29 

Coke,  in  lumps 

.27 

Air  Space,  undivided     . 

.14  to    .22 

Sand 

.17 

Baked  Clay,  Brick 

.07 

Glass 

.05 

Stone      ....•• 

.02 

"CombuBtible,  and  sometimes  dauKerous. 
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varying  nearly  in  the  inverse  ratio  of  their  conducting 
power  for  heat,  up  to  their  ability  to  transmit  as  much 
heat  as  the  surface  of  the  pipe  will  radiate,  after  which 
they  become  detrimental,  rather  than  useful,  as  covering. 
This  point  is  reached  nearly  at  baked  clay  or  brick. 

Table  18  shows  the  relative  value  of  various  non-con- 
ductors of  heat,  and  table  19  gives  the  loss  of  heat  from 
steam  pipes  protected  and  unprotected. 

Where  two  values  are  given  in  table  18  for  the  same 
substance  the  lower  one  is  for  the  denser  condition. 

A  smooth  or  polished  surface  is  of  itself  a  good  protec- 
tion, polished  tin  or  Russia  iron  having  a  ratio,  for  radia- 
tion, of  53  to  100  for  cast  iron.  Mere  color  makes  but  lit- 
tle difference. 

Hair  or  wool  felt,  and  most  of  the  better  non-conduc- 
tors, have  the  disadvantage  of  becoming  soon  charred 
from  the  heat  of  steam  at  high  pressure,  and  scnnetimes 
of  taking  fire  therefrom. 

''Mineral  wool,"  a  fibrous  material  made  from  blast 
furnace  slag,  is  the  best  non-combustible  covering,  but  is 
quite  brittle,  and  liable  to  fall  to  powder  where  much 
jarring  exists. 

Air  space  alone  is  one  of  the  poorest  of  non-conductors, 
though  the  best  owe  their  eflSciency  to  the  numerous  mi- 
nute air  cells  in  their  structure.  This  is  best  seen  in  the 
value  of  different  forms  of  carbon,  from  cork  charcoal  to 
anthracite  dust,  the  former  being  three  times  as  valuable 
for  this  purpose,  though  in  chemical  constitution  they  are 
practically  identical. 

Any  suitable  substance  used  to  prevent  the  escape  of 
steam  heat  should  not  be  less  than  one-inch  thick. 

The  following  table  gives  the  loss  of  heat  from  steam 
pipes,  naked  and  clothed  with  wool  or  hair  felt,  of  dif- 
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ferent  thickness,  the  steam  pressure  being  assumed  at  75 
lbs.  and  th^  external  air  at  60^. 

PLOW  OP  STEAM  THROUGH  PIPES. 

The  approximate  weight  of  any  fluid  which  will  flow 
in  one  minute  through  any  given  pipe  with  a  given  head 
or  pressure  may  be  found  by  the  following  formula: 


W==  87  a/P(Pi~P2)^'^ 

in  which  W  =  weight  in  pounds  avoirdupois,  d  =  diam- 
eter in  inches,  Z>  =  density  or  weight  per  cubic  foot, 
Pj  =  the  initial  pressure,  p^  =  pressure  at  end  of  pipe, 
and  L  =  the  length  in  feet.  Table  20  gives,  approximate- 
ly, the  weight  of  steam  per  minute  which  will  flow  from 
various  initial  pressures,  with  on-e  pound  loss  of  pressure 
through  straight  smooth  pipes,  each  having  a  length  of 
240  times  its  own  diameter. 

For  sizes  of  pipe  below  6-iDch,  the  flow  is  calculated 
from  the  actual  areas  of  ''standard''  pipe  of  such  nomi- 
nal diameters. 

For  horse-power,  multiply  the  figures  in  the  table  by 
2.  For  any  other  loss  of  pressure,  multiply  by  the 
square  root  of  the  given  loss.  For  any  other  length  of 
pipe,  divide  240  by  the  given  length  expressed  in  diame- 
ters, and  multiply  the  figures  in  the  table  by  the  square 
root  of  this  quotient,  which  will  give  the  flow  for  1  lb. 
loss  of  pressure.  Conversely,  dividing  the  given  length 
by  240  will  give  the  loss  of  pressure  for  the  flow  given  in 
the  table. 

The  loss  of  head  due  to  getting  up  the  velocity,  to  the 
friction  of  the  steam  entering  the  pipe,  and  passing  el- 
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bovrs  and  valves,  will  reduce  the  flow  given  in  the  tables. 
The  resistance  at  the  opening,  and  that  at  a  globe  valve, 
are  each  about  the  same  as  that  for  a  length  of  pipe 
equal  to  114  diameters  divided  by  a  number  represented) 
by  1  +  (3.6 -^diameter).  For  the  sizes  of  pipes  given 
in  the  table,  these  corresponding  lengths  are: 


% 

1 

IV2 

2 

2y2 

3 

4 

5 

6  8 

10 

12 

15 

18 

20 

25 

34 

41 

47 

52  60  66  71  79 

84 

88 

92 

95 

The  resistance  at  an  elbow  is  equal  to  2/3  that  of  a 
globe  valve.  These  equivalent — for  opening,  for  elbows, 
and  for  valves — must  be  added  in  each  instance  to  the  ac- 
tual length  of  pipe.  Thus  a  4  in.  pipe,  120  diameter 
(40  feet)  long,  with  a  globe  valve  and  three  elbows, 
would  be  equivalent  to  120  +  60  +  60  +  (3  X  40)  = 
360  diameters  long;  and  360-f-240  =  li^.  It  would 
therefore  have  1^/^  lbs.  loss  of  pressure  at  the  flow  given 
in  the  table,  or  deliver  (1  -7-  ViV^=  816)  81.6  per  cent 
of  the  steam  with  the  same  (1  lb.)  loss  of  pressure. 

PLOW   OP    STEAM    PROM    A    GIVEN    ORIFICE. 

Steam  of  any  pressure  flowing  through  an  opening 
into  any  other  pressure,  less  than  three-fifths  of  the  ini- 
tial, has  practically  a  constant  velocity,  888  feet  per 
second,  or  a  little  over  ten  miles  per  minute;  hence  the 
amount  discharged  in  pounds  is  proportionate  to  the 
weight  or  density  of  the  steam.  To  ascertain  the  pounds, 
avoirdupois,  discharged  per  minute,  multiply  the  area  of 
opening  in  inches,  by  370  times  the  weight  per  cubic 
foot  of  the  steam,    (See  Table  10.) 
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Or  the  quantity  discharged  per  minqite  may  be  approx- 
imately found  by  Rankine's  formula: 

W  =  6ap-r-7 
in  which  W  =  weight  in  pounds,  a  =  area  in  square 
inches,  and  p  =  absolute  pressure.    The  theoretical  flow 
requii'es  to  be  multiplied  by  ft  =  0.93,  for  a  short  pipe, 
or  0.63  for  a  thin  opening,  as  in  a  plate,  or  a  safety  valve. 

Where  the  steam  flows  into  a  pressure  more  than  2/3 
the  pressure  in  the  boiler: 


W  =  1.9aAj  V(P  — 8)8  . 

in  which  8  =  diflference  in  pressure  between  the  two 
sides,  in  pounds  per  square  inch,  and  a,  p,  and  k  as  above. 

To  reduce  to  horse-power,  multiply  by  2. 

Where  a  given  horse-power  is  required  to  flow  through 
a  given  opening,  to  determine  the  necessary  difference 
in  pressure : 


^2        ^4 


14a^k 


Evaporation  Tests.  The  object  of  making  evaporation 
tests  of  steam  boilers  is  primarily  to  ascertain  how  many 
pounds  of  water  the  boilers  are  evaporating  per  pound 
of  coal  burned;  but  these  tests  can  and  should  be  made 
to  determine  several  other  important  points  with  refer- 
ence to  the  operation  of  the  boilers,  as  for  instance: 
1.  The  efficiency  of  the  boiler  and  furnace  as  an  appara- 
tus for  the  consumption  of  fuel  and  the  evaporation  of 
water;  whether  this  apparatus  is  performing  its  guar- 
anteed duty  in  thds  respect,  and  how  it  compares  with  a 
known  standard.  2.  To  d'etermine  the  relative  economy 
of  different  varieties  of  coal,  also  to  determine  the  rela- 
tive value  of  fuels  other  than  coal,  such  as  oil,  gas,  etc. 
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3.  To  ascertain  whether  or  not  the  boilers  as  they  are 
operated  under  ordinary  every  day  conditions  are  being 
run  as  economically  as  they  should  be.  4.  In  case  the 
boilers,  owing  to  an  increased  demand  for  steam,  fail  to 
supply  a  sufficient  quantity  without  forcing  the  fires, 
whether  or  not  additional  boilers  are  needed,  or  whether 
the  trouble  could  be  overcome  by  a  change  of  conditions 
in  operating  them. 

Tests  for  the  last  three  purposes  named  can  be  mad© 
by  the  regular  engineering  force  of  the  plant,  but  in  case 
a  controversy  should  arise  between  the  maker  of  the 
boiler  and  the  purchaser  regarding  the  first  mentioned 
point,  viz.,  th€  guaranteed  efficiency  of  the  boiler  or  the 
iumace,  the  services  of  experts  in  boiler  testing  may  be 
resorted  to. 

Preparing  for  a  Test.  All  testing  apparatus  should  be 
kept  in  such  shape  that  it  will  not  take  three  or  four 
days  to  get  it  ready  for  making  a  test.  On  the  contrary, 
it  can  be  and  should  be  always  kept  in  condition  ready 
for  use,  so  that  the  preparations  for  making  a  test  will 
occupy  but  a  short  time.  A  small  platform  scale  suffi- 
ciently large  for  weighing  a  wheel-barrow  load  of  coal 
should  also  be  provided  in  addition  to  the  apparatus 
heretofore  described. 

The  capacity  of  each  of  the  two  tanks  illustrated  in 
Fig.  53,  can  be  determined  in  two  ways,  either  by  measur- 
ing the  cubical  contents  of  each  or  by  placing  them  one 
at  a  time  on  the  scales,  filling  them  with  water  to  within 
a  few  inches  of  the  top,  and  note  the  weight.  Also  make 
a  permanent  mark  on  the  inside  at  the  water  level.  The 
water  should  then  be  permitted  to  run  out  until  within 
an  inch  or  so  of  the  outlet  pipe  near  the  bottom,  where 
another  plain  mark  should  be  made,  after  which  the 
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empty  tank  should  be  again  weighed,  then  by  subtracting 
the  last  weight  from  the  first  the  exact  number  of  pounds 
of  water  that  the  tank  will  contadn  between  the  top  and 
bottom  marks  can  be  determined  and  a  note  made  of  it. 

It  is  much  more  convenient  to  have  each  tank  contain 
the  same  quantity  of  water,  although  not  absolutely  ne- 
cessary. The  tanks  should  also  be  numbered  1  and  2 
respectively  in  ordfer  to  prevent  confusion  in  keeping  a 
record  of  the  number  of  tanks  full  of  water  used  during 
the  test.  Care  should  be  exercised  to  have  the  water 
with  which  the  tanks  are  filled  w^hile  on  the  scale,  at  or 
near  the  same  temperature  as  that  at  which  it  is  to  be 
fed  into  the  hoiler  during  the  test.  Otherwise  there  is 
liability  of  error  owing  to  the  variation  in  the  weight  of 
water  at  different  temperatures.  In  order  to  guard 
against  this,  the  capacity  in  cubic  feet  of  each  tank  be- 
tween the  top  and  bottom  marks  should  be  ascertained  by 
measuring  the  distance  between  the  marks,  also  the  di- 
ameter, or,  if  the  tanks  be  square,  the  length  of  one  side, 
after  which  the  cubical  contents  caai  ba  easily  figured 
and  noted  down.  By  knowing  the  capacity  in  cubic  feet 
of  each  tank  all  possibility  of  error  in  the  weight  of  feed 
water  will  be  eliminated. 

The  scales  for  weighing  the  coal  can  be  fitted  with  a 
temporary  wooden  platform  large  enough  to  accommo- 
.date  a  wheel-barrow,  and  after  it  has  been  balanced  with 
the  empty  barrow  on  it,  the  record  of  weight  of  coal 
burned  during  the  test  can  be  easily  kept. 

The  same  barrow  should  be  used  throughout  the  test, 
and  to  save  complications  in  estimating  the  weight,  the 
same  number  of  pounds  of  coal  should  be  filled  in  the 
barrow  each  load.  The  coal  passer  will  learn  in  a  short 
time  to  fill  the  barrow  to  within  a  few  pounds  of  the 
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same  weight  each  load  by  counting  the  shovelsful  and 
the  difference  can  easily  be  adjusted  by  having  a  small 
box  of  coal  near  the  scale  from  which  to  take  a  few 
lumps  to  balance  the  load,  or  if  there  is  too  much  coal  in 
the  barrow  some  of  it  can  be  thrown  into  the  box. 

At  least  two  separate  tally  sheets  should  be  provided, 
marked  respectively  coal  and  water,  and  the  one  for 
coal  placed  near  the  scale,  and  care  should  be  taken 
that  each  load  is  tallied  as  soon*  as  it  is  weighed.  The 
tally  sheet  for  water  should  be  near  the  measuring  tanks 
and  as  soon  as  a  tank  is  emptied  it  should  be  tallied. 
The  temperature  of  the  feed  water  should  be  taken  at 
least  every  thirty  minutes,  or  oftener  if  possible,  from  a 
thermometer  placed  in  the  feed  pipe  near  the  check  valve. 
The  readings  should  be  noted  and,  at  the  expiration  of 
the  test,  the  average  taken. 

If  the  object  of  the  test  is  to  aseertain  the  efficiency 
of  the  boiler  and  furnace  it  is  absolutely  necessary  that 
the  boiler  and  all  its  appurtenances  be  put  in  good  condi- 
tion, by  cleaning  the  heating  surface  both  inside  the 
boiler  and  outside,  scraping  and  blowing  the  soot  out 
of  the  tubes  if  it  be  a  return  tubular  boiler,  and  blowing 
the  soot  and  ashes  from  between  the  tubes  if  it  is  a  water 
tube  boiler.  All  dust,  soot  and  ashes  should  be  removed 
from  the  outside  of  the  shell  and  also  from  the  combus- 
tion chamber  and  smoke  connections.  The  grate  bars 
and  sides  of  the  furnace  should  be  cleared  of  all  clinker, 
and  all  air  leaks  made  as  close  as  possible.  The  boiler 
and  all  its  water  connections  should  be  free  from  leaks, 
especially  the  blow-off  valve  or  cock.  If  any  doubt  exists 
as  to  the  latter  it  i^ould  be  plugged  or  a  blind  flanire 
put  on  it.  It  is  very  essential  that  there  should  be  no 
way  for  the  water  to  leak  out  of  the  boiler,  neither  should 
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£Jiy  water  be  allowed  to  get  into  the  boiler  during  tha 
test  except  that  which  is  measured  by  passing  through 
the  tanks. 

In  making  an  efficiency  test  it  is  essential  that  the 
boiler,  should  be  run  at  its  fullest  capacity  from  the  be- 
ginning to  the  end  of  the  test.  Therefore  arrangements 
should  be  made  to  dispose  of  the  steam  as  fast  as  it  is 
generated.  If  the  boiler  is  in  a  battery  connected  with 
a  common  header,  its  mates  can  be  fired  lighter  during 
the  test,  but  if  there  is  but  the  one  boiler  in  use  a  waste 
steam  pipe  should  be  temporarily  connected  through 
w:bich  the  surplus  steam,  if  there  is  any,  can  be  dis- 
charged into  the  open  air  through  a  valve  regulated  as 
required.  Before  starting  the  test  the  boiler  should  be 
thoroughly  heated  by  having  been  run  several  hours  at 
the  ordinary  rate.  The  fire  should  then  be  cleaned  and 
put  in  good  condition  to  receive  fresh  coal. 

At  the  time  of  beginning  the  test  the  water  level  should 
be  at  or  near  the  height  ordinarily  carried  and  its  posi- 
tion marked  by  tying  a  cord  around  one  of  the  guard 
rods  of  the  gauge  glass,  and,  to  prevent  all  possibility  of 
error,  the  height  of  the  water  in  the  glass  should  be 
measured  and  a  note  mad*e  of  it.  Note  also  the  time  that 
the  first  lot  of  weighed  coal  is  fed  to  the  furnace  and  re- 
cord it  as  the  starting  time.  The  steam  pressure  should 
be  noted  at  the  beginning  of  the  test  and  at  regular  in- 
tervals during  the  progress  of  the  test  in  order  tjiat  the 
afverage  pressure  may  be  obtained. 

At  the  close  of  the  test  all  of  the  above  conditions 
should  be  as  nearly  as  possible  the  same  as  at  the  begin- 
ning ;  the  quantity  and  condition  of  the  fire  should  be  the 
same,  also  the  steam  pressure  and  water  level.    This  can 
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be  accomplished  only  by  careful  work  towards  the  close 
of  the  test.. 

*  During  the  progress  of  the  test  care  should  be  exer- 
cised to  prevent  any  waste  of  coal,  esjpecially  in  cleaning 
-the  fire.  The  ash  made  during  the  test  must  not  be  wet 
down  until  after  it  is  weighed,  as  in  all  calculations  for 
combustible  and  non-combustible  matter  in  the  coal  the 
ash  should  be  dry. 

The  duration  of  the  test  should  be  at  least  ten  hours 
if  it  is  possible  to  continue  it  for  that  length  of  time. 
The  feed  pump  should  be  kept  running  at  such  speed  as 
will  supply  the  water  to  the  boiler  as  fast  as  it  is  evap- 
orated, and  no  faster.  If  at  the  close  of  the  test  a  por- 
tion of  water  is  left  in  the  last  tank  tallied  it  can  be  meas- 
ured and  deducted  from  the  total.  And  if  any  weighed 
coal  is  left  on  the  floor  it  should  be  weighed  back  and  de- 
ducted from  the  total  weight.  If  the  boiler  is  fed  by 
an  injector  instead  of  a  pump  during  the  test,  the  in- 
jector should  receive  steam  directly  from  the  boiler  under 
test  through  a  well  protected  pipe.  Also,  the  temperar 
ture  of  the  feed  water  should  be  taken  from  the  measur- 
ing tanks,  or  at  least  from  the  suction  side  of  the  in- 
jector, for  the  reason  that  the  water  in  passing  through 
the  injector  receives  a  large  quantity  of  heat  imparted 
to  it  by  live  steam  directly  from  the  boiler.  Therefore 
the  temperature  of  the  w^ater  after  it  leaves  the  injector 
would  not  be  a  true  factor  for  figuring  the  evaporation. 

Determination  of  the  Percentage  of  Moisture  in  the 
Steam.  This  is  an  important  point  in  estimating  the  re- 
sults of  an  evaporation  test  for  th-e  reason  that  each 
pound  woifrht  of  moisture  in  the  steam  as  it  leaves  the 
boiler  r<^presenls  a  pound  of  water  that  has  not  been 
evaporated  into  steam,  and  should  therefore  be  deducten 
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from  the  total  weight  of  water  fed  into  the  boiler  during 
the  test. 

The  steam  should  be  tested  for  moisture  by  taking 
samples  of  it  from  the  steam  pipe  or  header  as  near  the 
boiler  as.  possible  in  order  to  guard  against  additional 
moisture  caused  by  oondensationi. 

Practically  all  saturated  steam  contains  water,  vary- 
ing in  amount  from  a  fraction  of  one  per  cent  when 
the  steam  is  generated  in  a  properly  designed  boiler  fed 
with  good  water,  to  five  per  cent  or  even  more  when  the 
feed  water  is  bad,  or  the  boilers  are  of  defective  design. 
Not  only  is  the  heat  absorbed  by  raising  this  water  from 
the  boiler  feed  temperature  to  the  steam  temperature 
practically  wasted,  but  the  water  causes  further  loss  by 
increasing  the  initial  condensation  in  the  engine  cylin- 
der; it  also  interferes  with  proper  cylinder  lubrication, 
causes  knocking  in  the  engine,  and  water  hammer  in  the 
steam  pipe. 

Qtiality  of  Steam.  The  percentage  weight  of  steam, 
in  a  mixture  of  steam  and  water,  is  called  the  quality  of 
the  steam.  Thus  steam  of  quality  99.5  contains  one-half 
of  one  per  cent  by  weight  of  moisture. 

Calorimeters.  The  apparatus  used  to  determine  the 
moisture  in  steam  is  called  a  calorimeter,  though  the 
name  is  inapt^  -since  the  instrument  is  in  no  sense  a 
measurer  of  heat.  The  first  form  used  was  the  **  barrel 
calorimeter,"  in  this  apparatus  liability  of  error  is  so 
great  that  its  use  is  practically  abandoned.  Modem  calo- 
rimeters are  usually  of  either  the  throttling  or  separator 
type. 

Throttling  Calorimeter.  Fig.  88  shows  a  section 
through  a  typical  form  of  the  instrument.     Steam  is 
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drawn  from  the  vertical  pipe  by  a  nipple  arranged  as 
later  described,  passes  around  the  first  thermometer  cup 
as  shown,  then  through  a  hole  about  i^-i^^h  diameter  in 
the  disk  as  shown.  It  next  passes  around  the  lower 
thermometer  cup,  after  which  it  is  permitted  to  escape. 
Thermometers  are  inserted  into  the  cups,  which  are  then 
filled  with  cylinder  oil,  and  when  the  whole  apparatus 
is  heated  the  temperature  of  the  steam  before,  and  after 
passing  through  the  hole  in  the  disk  is  noted. 


Pig.   88. 


TkrottliOK  Calorimeter  and  Sampling  Pipe. 


The  instrument  and  pipes  leading  to  it  should  be  thor- 
oughly covered  to  diminish  the  radiation  loss. 

When  steam  passes  from  a  higher  to  a  lower  pressure, 
as  in  this  case,  no  work  has  to  be  done  in  overcoming  a 
resistance;  hence  assuming  there  is  no  loss  from  radia- 
tion, the  quantity  of  heat  is  exactly  the  same  after  pass- 
ing the  disk  as  it  was  ahead  of  it.     Suppose  that  the 
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higher  steam  pressure  is  150  lbs.  by  gauge,  and  the  lower- 
pressure  that  of  the  atmosphere.  The  total  heat  in  a 
pound  of  dry  steam  at  the  former  pressure  is  1193.5 
B.  T.  U.  and  at  the  latter  pressure  is  1146.6  B.  T.  U., 
difference,  46.9  B.  T.  U.  As  this  beat  still  exists  in  the 
steam  of  lower  pressure, 'its  effect  is  to  superheat  that 
steam.    Assuming  the  specific  beat  of  steam  to  be  0.48, 

46  9 
the  steam  will  then  be  superheated-Yr-^  =97.7  degrees. 

Suppose,  however,  the  steam  h-ad  contained  one  per  cent, 
of  moisture.  Before  any  superheating  could  occur,  this 
moisture  would  have  to  be  evaporated  into  steam  of  at- 
mospheric pressure.  Since  the  latent  heat  of  steam  at 
atmospheric  pressure  is  965.8  B.  T.  U.  it  follows  that  the 
one  per  cent,  of  moisture  would  require  9.658  B.  T.  U. 
to  evaporate  it,  leaving  only  46.9  —  9.658  =  37.242  B. 

T.  U.  available  for  superheating,  hence  the  superheat 

37  242 
would  be  ^'        =  77.6°  as  against  97.7  degrees  in  the 

preceding  case.    In  a  similar  manner  the  degree  of  super- 
heat for  other  amounts  of  moisture  can  be  determined, 
and  the  action  of  the  throttling  calorimeter  is  based  on 
this  fact  as  will  now  be  shown. 
Let  H  =  total  heat  of  steam  at  boiler  pressure. 
L  =  latent  .heat  of  steam  at  boiler  pressure. 
h  =  total  heat  of  steam  at  reduced  pressure  after 

passing  the  disk. 
^1  =  temperature  of  saturated  steam  at  the   re- 
duced pressure, 
tj  =  temperature     of     steam     after     expanding 
through  opening  in  the  disk. 
0.48  =  specific  heat  of  saturated  steam. 
X  =  proportion  of  moisture  in  the  steam. 
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The  differenoe  between  the  B.  T.  U.'s  in  a  pound  of 
steam  at  boiler  pressure  and  after  passing  the  disk  is  the 
heat  which  must  evaporate  the  moisture  in  the  steam,  and 
then  do  the  superheating,  hence 

H  —  h  =  xL  —  0.48  (*2  —  *i)»  therefore 

H  —  h  —  OMjt^  —  t,)  _- 

x= j^ [6] 

Almost  invariably  the  lower  pressure  is  taken  as  that 
of  the  atmosphere  where  h  =  1146.6  and  t^  =  212,  hence 
the  formula  becomas 

H  — 1146.6  —  0.48  {L  —  212)  ^.n 

x=  ^ [7] 

For  practical  work  it  is  more  convenient  to  dispense 
with  the  upper  thermometer  in  the  calorimeter,  and  sub- 
stitute an  accurate  steam  gauge  whose  readings  are  more 
easily  noted. 

Sources  of  Error.  There  are  two.  The  first  is  that 
the  specific  heat  of  superheated  steam,  while  given  as 
0.48  is  far  from  being  certain,  and  only  future  investiga- 
tion can  determine  the  true  value.  The  second  source  of 
error  is  loss  of  heat  by  radiation.  Evidently  from  the 
moment  the  steam  enters  the  sampling  nipple  it  is  losing 
heat,  hence  when  it  passes  through  the  small  opening  and 
into  the  lower  pressure  the  heat  available  for  eva{K)rating 
moisture,  and  superheating  will  be  diminished  by  just  the 
amount  lost  by  radiation,  hence  the  value  of  t^  will  be 
lower  than  it  should  be.  This  is  sometimes  corrected  for 
as  follows:  A  valve  in  the  steam  pipe  beyond  the  calo- 
rimeter nipple  Is  closed,  and  the  steam  left  in  a  quiescent 
state  for  about  ten  minutes,  and  it  is  assumed  that  by 
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doing  this  all  the  moisture  in  the  steam  will  settle  out, 
and  that  a  sample  of  steam  drawn  from  the  pipe  will  be 
dry.  Steam  is  then  allowed  to  flow  through  the  calorime- 
ter and  the  temperature  of  the  lower  thermometer  is 
noted.  Let  T  denote  this  temperature.  Since  the-  sam- 
ple of  steam  was  assumed  to  be  dry  it  follows  that  if 
there  were  no  loss  from  radiation  the  value  of  T  would 
be  that  due  to  all  of  the  liberated  heiat  being  absorbed 
in  superheating  the  steam  of  lower  temperature.  There 
is,  however,  a  loss  by  radiation,  and  the  eflfect  of  this  is 
to  condense  some  of  the  steam  of  lower  pressure,  and  ihe 
water  thus  formed  must  be  evaporated  before  any  isuper- 
heating  can  be  done.  Let  x*  represent  the  proportion  of 
water  thus  formed,  then  evidently 

X^=z i Li. 

Ij 

Now  this  amount  of  water  was  not  in  the  steam  orig- 
inally, but  was  caused  by  condensation  in  the  instrument, 
hence  the  tru^  amount  of  moisture  in  the  steam,  which 
may  be  denoted  by  X,  will  be 

n  —  h  —  0A8iT  —  t,) 


OMS^^ZW.  [8, 


The  disadvantages  of  this  method'  are:  (1)  It  assumes 
that  during  the  test  the  boiler  pressure  will  remain  the 
same  as  it  was  when  T  was  determined,  which  is  seldom 
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practicable;  (2)  It  assumes  that  the  sample  of  steam 
drawn  into  the  instrument  when  determining  T  was  ab- 
solutely dry,  although  experiment  has  shown  that  this 
assumption  is  not  necessarily  true.  Notwithstanding 
these,  facts,  formula  [8]  is  much  used  by  engineers  be- 
cause of  its  simplicity  and  convenience,  and  any  error 
due  to  its  use  is  of  no  practical  significance. 


Fig.   89.     Ck>mpact  Throttling   Calorimeter. 


There  are  many  forms  of  throttling  calorimeter,  all 
of  which  operate  on  precisely  the  same  principle  as  the 
simple  design  shown  in  Pig.  88.  An  extremely  conven- 
ient and  compact  design  is  shown  in  Pig.  89.  It  consists 
of  two  concentric  cylinders  screwed  to  a  cap  containing 
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a  tbermometer  cup.  Tlie  steam  pressure  is  measured  by 
a  gauge  placed  in  the  supply  pipe,  or  any  other  conven- 
ient place.  Steam  passes  through  the  opening  A,  ex- 
pands to  atmospheric  pressure,  and  its  temperature  at 
this  pressure  is  measured'  by  a  thermometer  placed  in 
the  cup  C.  To  prevent  radiation  losses  the  annular  space 
between  the  two  cylinders  is  used  as  a  jacket,  and  is  sup- 
plied with  steam  through  the  hole  B. 

The  limits  of  the  throttling  calorimeter  at  sea  level  are 
from  about  four  per  cent  of  moisture  at  eighty  pounds 
pressure  to  six  per  cent  at  200  pounds  pressure.  If  there 
is  a  greater  content  of  moisture  the  liberated*  heat  is  in- 
sufficient to  evaporate  it,  and  superheat  the  steam  thus 
generated. 

Separating  Calorimeter.  The  separating  calorimeter 
(Pig.  90)  mechanically  separates  the  entrained  water 
from  the  steam  and  collects  it  in  a  reservoir,  where  its 
amount  is  either  indicated  by  a  gauge  glass  or  deter- 
mined by  draining  it  off  and  weighing  it.  The  steam 
passes  out  of  the  calorimeter  through  an  orifice  of  known 
size,  so  that  either  its  total  amount  can  be  calculated  or 
it  can  be  weighed  as  later  described.  To  avoid  radia- 
tion errors,  the  calorimeter  should  be  well  covered  with 
non-conducting  material.  This  instrument  is  not  limited 
in  capacity  theoretically,  but  if  the  amount  of  moisture 
is  very  large,  the  readings  should-  be  cheeked  by  passing 
the  discharged  steam  through  a  throttling  calorimeter; 
that  is,  a  small  separator  should  be  used  between  the 
steam  pipe  and  a  throttling  calorimeter,  and  the  sum  of 
the  percentages  obtained  from  the  two  instruments  be 
taken  as  the  moisture  in  the  steam. 

In  the  separating  calorimeter,  the  amount  of  steam 
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passing  through  the  orifiee  can  be  determined  by  Na- 
pier's empirical  formula, 

Pounds  of  steam  per  second  =  ^ 

In  which  p  =  absolute  pressure  in  pounds  per  square 
inch,  and  a  =  area  of  orifice  in  square  inches. 
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Fig.    90.     Separating    Calorimeter. 
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There  is  liability  of  considerable  error  in  determining 
the  area  of  sueh  small  orifices,  and  further,  the  flow  of 
steam  soon  wears  the  orifice  larger.  A  more  accurate 
method  .of  determining  the  weight  of  steam  passing 
through  is  to  convey  it  through  a  hose  into  a  barrel  of 
water  resting  on  a  platform  scale.  The  weight  of  the 
barrel  and  contained'  water  having  been  noted  before  and 
after  the  steam  is  run  in,  the  difference  is  the  weight  of 
steam  condensed.  The  moisture  caught  in  the  separating 
calorimeter  can  be  weighed  in  the  same  way.  If  W  is 
the  weight  of  steam  condensed,  w  the  weight  of  moisture 
from  the  separating  calorimeter,  and  x  the  per  cent,  of 
moisture  in  the  steam,  then 

W  -j-  w. 

Location  of  Sampling  Nipple.  The  principal  source 
of  inaccuracy  in  calorimeter  determinations  is  failure  to 
secure  an  average  sample  of  steam.  It  is  extremely 
doubtful  whether  such  a  sample  is  ever  secured.  To 
diminish  the  liability  of  error  the  instrument  should  be 
located  as  near  as  possible  to  the  point  where  the  sample 
is  drawn  oflf. 

Taking  an  Observation.  Locate  the  sampling  nipple 
as  above  directed,  attach  the  instrument  as  close  to  it  as 
possible,  and  cover  all  exposed  parts  to  prevent  radia- 
tion. If  the  throttling  calorimeter  be  used,  locate  the 
steam  gauge  on  the  pressure  side,  and  the  thermometer 
on  the  expansion  side.  To  take  an  observation,  note 
simultaneously  the  gauge  reading  and  the  thermometer 
reading,  and  from  these  the  content  of  moisture  may  be 
determined  by  use  of  formula  [7].  If  the  sepa- 
rating  calorimeter   be   used,   attach  to   the   separator 
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outlet  a  piece  of  hose  which  terminates  in  a  vessel 
of  water  on  a  platform  scale  graduated  to  read  to 
1/100  of  a  pound.  Similarly  connect  the  steam  outlet 
to  another  vessel  of  water  resting  on  an  equally  sensitive 
scale.  Note  in  each  case  the  weight  of  each  vessel  in- 
cluding the  water  it  contains.  When  ready  to  take  an 
observation,"blow  out  the  instrument  thoroughly,  so  there 
will  be  no  water  in  the  separator.  Then  simultaneously 
clcse  the  separator  drip  and  insert  the  steam  hose  into 
its  vessel  of  water.  When  the  separator  has  accumulated 
a  sufficient  quantity  of  water,  close  the  valve  at  the 
main  steam  pipe,  thus  cutting  off  the  supply  of  steam 
to  the  instrument,  remove  the  steam  hose  from  the  vessel 
of  water  into  which  it  was  inserted,  and  empty  the  sep- 
arator water  into  its  vessel  on  the  scale.  Note  the  final 
weight  of  each  vessel  and  contents,  then  the  differences 
between  final  and  original  weights  will  be  respectively, 
the  weight  of  moisture  collected  by  the  separator,  and 
the  weight  of  steam  from  which  the  moisture  was  taken, 
hence  the  proportion  of  moisture  can  be  computed  from 
formula  [9]. 

Before  taking  any  calorimeter  observations,  steam 
should  be  allowed  to  flow  through  freely  until  the  instru- 
ment is  thoroughly  heated  up. 

Moisture  in  the  CoaL  This  can  generally  be  obtained 
frcm  the  reports  of  the  geologist  of  the  state  in  which 
the  coal  is  mined,  or  from  the  dealer,  although  the  former 
is  the  most  reliable.  The  percentage  of  moisture  must  be 
deducted  from  the  total  weight  of  coal  in  figuring  the 
weight  of  combustible. 

Measuring  the  Chimney  Draft,  A  good  draft  is  indis- 
pensable for  obtaining  economical  results  in  an  evapora- 
tion test.    The  draft  can  be  easily  regulated  by  a  damper 
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to  suit  the  conditions.  Chimney  draft  is  ordinal'ily  meas- 
ured by  a  draft  gauge  connected  with  the  smoke  flue 
near  the  chimney.  The  usual  form  of  draft  gauge  is  a 
glass  tube  bent  in  the  shape  of  the  letter  U.  (See  Fig. 
91.)    One  leg  is  connected'  to  the  flue  by  a  small  rubber 


/\/\ 


Fig.  91. 


Fig.  92.     Barms'   Draft  Gauge. 


hose,  while  the  other  is  open  to  the  atmosphere.  The  tube 
is  partly  filled  with  water,  which  will,  when  there  is  no 
draft,  stand  at  the  same  height  in  both  legs.  When  con- 
nected to  the  chimney  or  flue  the  suction  will  cause  the 
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Water  in  the  leg  to  which  the  hose  is  attached  to  rise, 
While  the  level  of  the  water  in  the  other  leg  will  be 
equally  depressed,  and  the  extent  of  the  vaf  iatioti  ill  f  rac* 
tions  of  an  inch  is  the  measure  of  the  draft.  Thus  the 
draft  is  referred  to  as  being  .5,  .7  or  .75  inches.  The 
draft  should  not  be  less  than  .5  inches  in  any  case  to 
insure  good  results. 

The  Barrus  draft  gauge  is  illustrated  in  Fig.  92.  It 
consists  of  a  U-tube  made  of  ^/^-inch  glass,  surmounte^J 
by  two  larger  tubes,  or  chambers,  each  having  a  diameter 
of  21/^-inch.     Two  different  liquids  which  will  not  mix, 


Fig.  93.     Ellison's  Draft  Gauge  OntUne. 

and  which  are  of  different  color,  are  used.  The  move- 
ment of  the  line  of  demarcation  is  proportional  to  the 
difference  in  the  areas  of  the  chambers  and  of  the  U-tube 
connecting  them  below.  The  liquids  generally  employed 
are  alcohol  colored  red  and  a  certain  grade  of  lubricating 
oil.  A  multiplication  varying  from  eight  to  ten  times 
is  obtained. under  these  circumstances;  in  other  words, 
with  i/i'inch  draft  the  movement  of  the  line  of  demarca- 
tion is  some  2  inches.  The  instrument  is  calibrated  by- 
referring  it  to  the  ordinary  U-tube  gauge. 

Ellison^s  Gauge.  In  this  form  of  gauge  the  lower  por- 
tion of  the  ordinary  U-tube  has  been  replaced  by  a  tube 
slijjhtly  inclined  to  the  horizontal,  as  shown  in  Fig.  93. 
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By  this  arrangement  any  vertical  motion  in  the  left  hand 
upright  tube  causes  a  very  much  greater  travel  of  the 
liquid  in  the  inclined  tube,  thus  permitting  extremely 
small  variation  in  the  draft  pressure  to  be  read  with  fa- 
cility. 

The  gauge  is  first  leveled  by  means  of  the  small  level 
attached  to  it,  both  legs  being  open  to  the  atmosphere. 
The  liquid  is  then  adjusted  (by  adding  to  or  taking  from 
it)  until  its  meniscus  rests  at  the  zero  point  on  the  right. 
The  left  hand  leg  is  then  connected  to  the  source  of  draft 
by  means  of  a  piece  of  rubber  tubing.  Under  these  cir- 
cumstances, a  rise  of  level  of  one  inch  in  the  left  hand 
vertical  tube  causes  the  meniscus  in  the  inclined  tube  to 
pass  from  the  point  0  to  1.0.  The  scale  is  divid<ed  into 
tenths  of  an  inch,  and  the  subdivisions  are  hundredths 
of  an  inch. 

The  right  hand  leg  of  the  instrument  bears  two  marks. 
By  filling  the  tube  to  the  lower  of  these  the  range  of  the 
instrument  is  increased  one-half  inch,  i.  e.,  it  will  record 
draft  pressures  from  0  to  1^/^  inches.  Similarly,  by  fill- 
ing to  the  upper  mark,  the  range  is  increased  to  2  inches. 
When  so  used  the  observed  readings  in  the  scale  are  to  be 
increased  by  one-half  or  one-inch,  as  the  case  may  be. 

The  makers  recommend  the  use  of  a  non-drying  oil 
for  the  liquid,  usually  a  300°  test  refined  petroleum, 
but  water  suffices  for  all  practical  purposes. 

Flue  Oas  Analysis.  The  object  of  the  flue-gas  analysis 
is  to  determine  from  a  sample  of  the  gas  the  amount  of 
excess  air  admitted',  the  degree  of  completeness  of  the 
combustion  of  the  carbon,  and  the  amount  and  distribu- 
tion of  the  heat  losses  due  to  the  excess  air  and  incom- 
plete combustion.  The  quantities  actually  determined 
by  th«  analysis  are  the  relative  proportions  of  carbon 
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dioxide  (COj),  carbon  monoxide  (CO),  and  oxygen  (0) 
in  the  gases.  Although  the  analysis  does  not  diree.iy 
determine  the  amount  of  nitrogen  present  in  the  flue- 
gases,  yet  its  actual  amount,  as  well  as  that  of  the  air 
supply,  may  readily  be  ascertained  by  calculation.  When 
air  is  drawn  through  an  opening,  like  an  ash-pit  door, 
sometimes  an  anemometer  can  be  used  for  ascertaining 
the  velocity  through  the  area,  and  the  air  supply  be  de- 
termined by  these  means. 

A  pound  of  carbon  requires  for  complete  combustion, 
2.67  pounds  of  oxygen,  or  a  volume  of  32  cubic  feet  at 
60°  F.,  and  the  gaseous  product,  carbon  dioxide  (CO^), 
when  cooled  occupies  precisely  the  sam-e  volume  as  the 
oxygen,  viz.,  32  cubic  feet.  If  the  oxygen  is  mixed  with 
nitrogen  in  the  same  proportion  as  it  is  found  in  air 
(20.91  0  and  79.09  N),  the  volume  of  the  carbon  dioxide 
(CO2)  after  combustion,  and  also  its  proportion  to  nitro- 
gen, is  the  same  as  that  of  the  oxygen;  hence,  for  com- 
plete combustion  of  carbon,  with  no  excess  of  air,  the 
volumetric  an'alysis  of  the  flue  gases  is, 

Carbon  dioxide   COj  =  20.91% 

Carbon  monoxide    CO  =  None 

Oxygen    0      =  None 

Nitrogen    N      =  79.09% 

If  the  supply  of  air  is  in  excess  of  that  required  to 
supply  the  oxygen  needed,  the  combined  volumes  of  the 
carbon  dioxide  and  oxygen  are  still  the  same  as  that  of 
the  oxygen  before  combustion ;  consequently,  for  the  com- 
pletc  combustion  of  pure  carbon,  the  sum  of  the  percent- 
ages by  volume  of  the  carbon  dioxide  and  oxygen  in  the 
fine  gases  must  always  be  20.91,  no  matter  what  the  sup- 
ply of  air  may  be. 
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Carbon  monoxide  (CO)  produced  by  imperfect  com- 
bustion of  carbon,  occupies  twice  the  volume  of  the  oxy- 
gen entering  into  its  composition,  and  renders  the  volume 
of  the  flue  gases  greater  than  that  of  the  air  supply  in 
the  proportion  of 

100 


100_y2  the  %  of  CO' 


hence 


when  pure  carbon  is  the  fuel,  the  sum  of  the  percentages 
of  carbon  dioxide,^  oxygei^,  and  one-half  the  carbon  mon- 
oxide must  be  in  the  same  ratio  to  the  nitrogen  as  is  oxy- 
gen in  the  air,  viz.  20.91  to  79.09. 

Orsat  Apparatus.  The  analysis  of  the  flue-gases  is 
best  made  for  practical  purposes  by  means  of  the  Orsat 
apparatus,  shown  in  Fig.  94.  The  operation  is  as  follows : 
Exactly  100  cc  of  the  gas  sample  are  drawn  into  the 
graduated  measuring  burette,  A,  and  then  passed  in  suc- 
cession into  the  U-f  orm  absorbing  vessels,  D,  E,  F,  each 
time  being  returned  to  and  measured  in  A,  In  passing 
into  the  U-shaped  vessels,  the  gas  displaces  the  liquid 
contained  therein,  driving  it  up  into  the  other  legs.  A 
portion  of  the  fluids,  however,  adheres  to  the  glass  tubes 
placed  in  the  vessels  for  that  purpose,  and  comes  in  inti- 
mate contact  with  the  gas.  Each  vessel  absorbs  a  differ- 
ent constituent.  D  is  filled  with  a  solution  of  potassium 
hydroxide  and  takes  up  the  carbon  dioxide;  E  contains 
pjTOgallic  acid,  which  removes  the  oxygen;  and  F  ab- 
sorbs the  carbon  monoxide  in  a  solution  of  cuprous  chlo- 
ride. The  reduction  in  volume  measured  in  A  gives  the 
percentage  of  each  constituent  gas. 

The  connections  to  A  are  made  through  the  glass  stop 
cocks  M  and  the  capillary  tube  C.  The  movement  of  the 
gases  is  produced  by  lowering  or  raising  the  bottle  L, 
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which  is  connected  to  the  lower  part  of  A  by  the  rubber 
tube  S,  and  is  partially  filled  with  water.  When  a  meas- 
urement is  taken,  the  level  of  the  water  in  A  and  L  must 
be  the  same^  so  that  all  measurements  are  taken  at  at- 


Fig.   94.     Orsat  Apparatus  for  Flue-Ga&'  AnalyciB. 


mogpheric  pressure.  A  constant  temperature  of  the  gas 
in  ^  is  maintained  by  the  water  in  the  surrounding  cylin- 
der shown. 

The  sample  is  drawn  into  the  apparatus  through  the 
cock  By  which  also  serves  to  connect  the  capillary  tube 
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to  the  atmosphere,  the  latter  connection  being  through 
the  spindle  of  the  cock ;  this  permits  the  removal  of  any 
excess  of  gas  above  100  cc  that  may  have  been  drawn 
into  A.  Before  the  sample  is  drawn-,  the  vessels  Z>,  E 
and  F  should  have  their  respective  liquids  raised  to  the 
cocks  M  (which  can  then  be  closed,  and  the  atmospheric 
preasure  acting  through  the  other  leg,  which  is  open, 
will  keep  them  filled) ;  the  burette  A  and  the  capillary 
tubes  should  be  filled  with  water  up  to  the  cock  B,  All 
this  can  easily  and  quickly  be  done  by  raising  and  low- 
ering L,  and  opening  and  closing  cocks  Af  and  B.  The 
absorption  of  oxygen  and  carbon  monoxide  is  very  slow, 
and  the  gaa  should  .be  passed  back  and  forth  a  number 
of  times  until  a  reduction  of  volume  is  no  longer  indi- 
cated. 

As  the  pressure  of  the  gases  in  a  flue  is  less  than  the 
atmospheric  pressure,  they  will  not,  of  themselves,  flow 
through  the  rubber  or  metal  tubing  connecting  to  the 
analyzing  apparatus ;  but  by  filling  the  instrument  two  or 
three  times  and  discharging  it  into  the  atmosphere 
through  cock  B,  the  air  can  be  removed  from  the  con-, 
necting  tubing  and  a  sample  of  the  gas  be  obtained. 
For  rapid  work,  an  aspirator  can  be  used  for  drawing 
the  gas  from  the  tube  in  a  constant  stream.  If  this  is 
used  there  is  less  danger  of  an  admixture  of  air.  It  is 
sometimes  desirable  to  take  a  sample  that  represents  an 
average  during  half  an  hour,  or  an  hour,  and  in  this  case 
a  metal,  or  glass  vessel  with  a  stop-cock  at  both  top  and 
bottom,  and  filled  with  water,  can  be  connected  through 
the  upper  stop-cock  to  the  flue,  and  the  bottom  cock 
then  be  opened.  The  water  will  gradually  drip  out, 
drawing  the  gas  into  the  vessel.  The  time  taken  to  fill 
it  can  be  regulated  by  the  lower  cock. 
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The  result  of  a  flue-gas  analysis  depends  both  on  the 
manner  and  time  of  taking  the  sample,  and  to  get  at  the 
average  composition  of  the  gas,  a  number  of  determina- 
tions should  be  made  on  samples  from  different  parts  of 
the  flue. 

The  analysis  made  by  the  Orsat  apparatus  is  volumet- 
ric; if  the  analysis  by  weight  is  required  it  can  be  found 
from  the  volumetric  analysis  as  follows: 

Multiply  the  percentages  by  volume  by  the  molecular 
weight  of  the  gas,  and  divide  by  the  sum  of  all  the  prod- 
ucts; the  quotient  will  be  the  percentage  by  weight. 

The  mol-ecular  weights  are  as  follows: 

Carbon  dioxide   44 

Carbon  monoxide    28 

Oxygen    32 

Nitrogen    28 


CALCULATIONS  FOR  EFFICIENCY  OF  THE  PLANT. 

Having  thus  successfully  conducted  the  test  to  its 
close,  and  being  armed  with  all  the  data  heretofore 
noted,  the  engineer  is  now  ready  to  oompute  the  results. 

If  the  test  is  made  for  the  purpose  of  determining  the 
eflSciency  of  the  boiler  and  setting  as  a  whole,  including 
grate,  chimney  draft,  etc.,  then  the  result  must  be  based 
upon  the  number  of  pounds  of  water  evaporated  per 
pound  of  coal.  This  latter  phrase  includes  not  only 
the  purely  combustible  matter  in  the  coal,  but  the  non- 
combustible  also,  as  ash,  moisture,  etc.  Some  varieties 
of  western  coal  contain  as  high  as  12  to  14  per  cent,  of 
moisture,  and  the  ability  of  the  furnace  to  extract  heat 
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from  the  mafis  is  to  be  tested,  as  well  as  the  ability  of 
the  boiler  to  absorb  and  transmit  that  heat  to  the  water. 
Therefore  the   eflBciency  of  the  boiler  and   furnace  = 

Heat  absorbed   per  pound  of  coal. 
Heating  value  of  one  pound  of  coal. 

EFFICIENCY   OF   THE   BOILER. 

The  heating  surface  of  the  boiler  must  transmit  heat 
from  the  hot  furn-ace  gases  on  one  side  to  the  water  on 
the  other.  This  transmission  of  heat  is  very  rapid 
through  the  metal  of  the  boiler,  but  the  accumulation  of 
scale  on  the  interior  and  soot  on  the  exterior  surfaces 
greatly  obstructs  the  flow  of  heat  and  renders  the  heat- 
ing surface  ineflScient. 

If  the  test  is  to  determine  the  eflSciency  of  the  boiler 
itself  as  an  absorber  of  heat,  then  the  combustible  alone 
must  be  considered  in  working  out  the  final  result.  Thus, 

EflBciency  of  boiler  = 

Heat  absorbed  per  pound  of  combugrtible. 
Heating  value  of  one  pound  of  combustible. 

When  making  a  series  of  tests  for  the  purpose  of  com- 
paring the  economical  value  of  different  varieties  of  coal 
the  conditions  should  be  as  nearly  uniform  as  possible; 
that  is,  let  the  tests  be  made  under  ordinary  working 
conditions  and  with  the  same  boiler  or  boilers,  and  if  pos- 
sible with  the  same  fireman. 

The  following  is  a  record  of  one  of  many  evaporar 
tion  tests  made  by  the  author,  and  is  introduced  here  for 
the  purpose  of  illustrating  methods  of  computing  the 
results  to  be  obtained  from  the  various  data.    The  rather 
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large  quantity  of  coal  burned  per  square  foot  of  grate 
surface  per  hour  (25  lbs.)  is  owing  to  the  fact  that  the 
boiler  was  run  to  its  full  capacity,  the  ooal  burning 
clean  and  forming  no  clinker.  The  chimney  draft  also 
was  exceptionally  good,  giving  a  large  unit  of  evaporar 
tion  per  square  foot  of  heating  surface  per  hour.  The 
low  temperature  of  the  escaping  gaaes  is  due  to  the 
fact  that  they  were  returned  over  the  top  of  the  boiler 
before  passing  to  the  chimney. 

Date  of  test 

Duration  of  test,  12  hours. 

Boiler,   return  tubular,   72   in.   diameter,   18   ft.   long, 

62-41^  in.  tubes. 
Kind  of  coal,  Pocahontas  ;  average  steam 

pressure   85       lbs. 

Weight  of  coal  consumed   11,100        '* 

Weight  of  water  apparently  evaporated .  107,187        ** 
Weight  of  dry  ash  returned.8.1  per  cent  =       900        *' 

Moisture  in  the  coal 2.0      ''        =       222 

Moisture  in  the  steam....  1.0      ''        =    1,071 

Dry  coal  corrected  for  moisture 10,878        *' 

Weight  of  combustible 9,978        *' 

Water  corrected  for  moisture  in  the  steam.106,116        ** 
Water  evaporated  into  dry  steam,  from 

and  at  212°  117,788 

Water  evaporated  per  lb.  of  coal,  actual 

conditions    9.65   " 

Water  evaporated  per  lb.  of  coal,  from 

and  at  212° 10.61   " 

Water  evaporated  per  lb.  of  combustible, 

from  and  at  212° 11.81  '* 
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Water  evaporated  per  lb.  of  dry  coal, 

from  and  at  212° 10.82  lbs. 

Water  evaporated  per  hr.  per  sq.  ft.  of 

heating   surface 6.22   *' 

Coal  burned  per  sq.  ft.  of  grate  surface 

per  hour 25        ** 

Horse  power  developed  by  boiler  during 

test   284.5 

Temperature  of  feed  water,  average 141° 

Temperature  of  chimney  gases,  average. .  400° 

Square  feet  of  grate  surface 36 

Square  feet  of  heating  surface. 1,576 

Ratio  of  grate  surface  to  heating  surface  43.7 

The  results  obtained  will  be  taken  up  in  their  regular 
order  beginning  with,  first,  water  evaporated  into  dry 
steam  from  and  at  212°.  As  it  may  be  of  benefit  to 
some,  a  short  definition  of  the  meaning  of  the  above  ex- 
pression is  here  given. 

The  term  ''equivalent  evaporation,"  or  the  evapora- 
tion from  and  at  212°,  assunaes  that  the  feed  water 
enters  the  boiler  at  a  temperature  of  212°  and  is  evap- 
orated into  steam  at  212°  temperature  and  at  atmos- 
pheric pressure.  As  for  instance,  if  the  top  man  hole 
plate  were  left  out  or  some  other  large  opening  in  the 
steam  space  allowed  the  steam  to  escape  into  the  atmos- 
phere as  fast  as  it  was  generated.  Owing  to  the  varia- 
tion in  the  temperatures  of  the  feed  water  used  in  dif- 
ferent tests,  and  also  the  variation  in  the  steam  pressure, 
it  is  absolutely  necessary  that  the  results  of  all  tests  be 
brought  by  computation  to  the  common  basis  of  212° 
in  order  to  obtain  a  just  comparison. 
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The  process  by  which  this  is  done  is  as  follows:  Re- 
ferriDg  to  the  record  of  the  test  it  is  seen  that  the  steam 
pressure  average  was  85  lbs.  gauge  pressure,  or  100  lbs. 
absolute,  and  that  the  temperature  of  the  feed  water  was 
141°.  Referring  again  to  Table  10,  physical  proper- 
ties of  steam,  it  will  be  seen  that  in  a  pound  of  steam 
at  100  lbs.  absolute  pressure  there  are  1,181.8  heat  units, 
and  in  a  pound  of  water  at  141®  temperature  there  are 
109.9  heat  units.  It  therefore  took  1,181.8  —  109.9  = 
1,071.9  heat  units  to  convert  one  pound  of  feed  water  at 
141°  into  steam  at  85  lbs.  pressure.  To  convert  a  pound 
of  water  at  212°  into  steam  at  atmospheric  pressure,  and 
212°  temperature  requires  965.7  heat  units,  and  the 
1,071.9  heat  units  would  evaporate  1,071.9 -f- 965.7  = 
1.11  lbs.  water  from  and  at  212°.  The  1.11  is  the  factor 
of  evaporation  for  85  lbs.  gauge  pressure  and  141°  tem- 
perature of  feed  water,  and  by  multiplying  **  water  cor- 
rected for  moisture  in  the  steam"  (see  record  of  test), 
106,116  lbs.,  by  1.11,  the  weight  of  water  which  could 
have  been  evaporated  into  steam  from  and  at  212°  is 
obtained,  which  is  117,788  lbs.  The  factor  of  evapora- 
tion is  based  upon  the  steam  pressure  and  the  tempera- 
ture of  the  feed  water  in  any  test  and  the  formula  for 

ascertaining  it  is  as  follows:  Factor  =       ,  „  ,  in  which 

11  =  total  heat  in  the  steam  and  h=r  total  heat  in  the 
feed  water.  It  is  used  in  shortening  the  process  of  find- 
ing the  evaporation  from  and  at  212°,  and  Table  21  gives 
the  factor  of  evaporation  for  various  pressures  and  tem- 
peratures. 

Second,  water  evaporated  per  pound  of  coal  actual 
conditions  =  water  apparently  evaporated  divided  by 
coal  consumed  =  9.65  lbs.    No  accurate  estimate  regard- 
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TABLE  21. 

FACTORS  OF  EVAPORATION. 
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1.069 

182*> 

1.058 

1.061 

1.064 

1.066 

1.069 

1.071 

1.073 

1.075 

1.078 

173<> 

1.067 

1.070 

1.073 

1.076 

1.078 

1.080 

1.082 

1.084 

1.087 

164*^ 

1.077 

1.080 

1.083 

1.085 

1.087 

1.090 

1.091 

1.093 

1.097 

152<^ 

1.089 

1.092 

1.095 

1.098 

1.100 

1.102 

1.104 

1.106 

1.109 

143<> 

1.099 

1.102 

1.105 

1.107 

1.109 

1.111 

1.113 

1.115 

1.119 

134«> 

1.108 

1.111 

1.114 

1.116 

1.119 

1.121 

1.123 

1.125 

1.128 

126^ 

1.118 

1.121 

1.128 

1.126 

1.128 

1.130 

1.132 

1.184 

1.137 

113^ 

1.130 

1.133 

1.136 

1.138 

1.140 

1.143 

1.145 

1.146 

1.150 

104^ 

1.138 

1.142 

1.146 

1.148 

1.150 

1.152 

1.154 

1.156 

1.169 

95^ 

1.149 

1.152 

1.164 

1.157 

1.159 

1.161 

1.163 

1.165 

1.169 

86<> 

1.158 

1.161 

1.164 

1.166 

1.169 

1.171 

1.173 

1.174 

1.178 

770 

1.167 

1.170 

1.173 

1.176 

1.178 

1.180 

1.182 

1.184 

1.187 

65<> 

1.180 

1.183 

1.186 

1.188 

1.190 

1.192 

1.194 

1.196 

1.200 

56^ 

1.189 

1.192 

1.195 

1.197 

1.200 

1.202 

1.204 

1.206 

1.209 

470 

1.199 

1.201 

1.204 

1.207 

1.209 

1.211 

1.213 

1.215 

1.218 

38*^ 

1.208 

1.211 

1.214 

1.216 

1.218 

1.220 

1.222 

1.224 

1.228 

ing  the  quality  of  the  coal  or  the  eflScieney  of  the  boiler 
can  be  made  from  this  figure  (9.65  lbs.).  It  can  be 
usied,  however,  in  estimating  the  cost  of  fuel  for  generat- 
ing the  steam ;  as,  for  instance,  if  the  boiler  is  supplying 
steam  to  an  engine  that  uses  30  lbs.  of  steam  per  horse 
power  per  hour,  it  will  require  30 -=-9.65  =  3.1  lbs.  of 
coal  per  horse  power  per  hour;  the  '/actual  conditions" 
under  which  the  boiler  is  being  operated  being  the  pres^ 
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sure  of  steam  required  by  the  engine  and  the  temperature 
of  the  feed  water. 

Third,  water  evaporated  per  pound  of  coal  from  and 
at  212°  =  water  evaporated  into  dry  steam  from  and  at 
212° -f- coal  consumed  =  10.61  lbs.  This  figure  is  the 
proper  one  to  use  in  comparing  the  relative  economic 
values  of  different  varieties  of  coal  tested  with  the  same 
boiler  or  boilers. 

Fourth,  water  evaporated  per*  pound  of  combustible 
from  and  at  212°  =  water  evaporated  into  dry  steam 
from  and  at  212°  -i-  weight  of  combustible  =  11.81  lbs. 
This  result  is  the  one  to  be  used  for  ascertaining  the 
eflSciency  of  the  boiler,  and  the  percenjtage  of  efficiency 
is  found  by  dividing  the  heat  absorbed  by  the  boiler  per 
pound  of  combustible  by  the  heat  value  of  one  pound  of 
combustible.  The  average  heat  value  of  bituminous 
and  semi-bituminous  coals  is  not  far  from  15,000  heat 
units  per  pound  of  combustible.  In  the  evaporation  of 
11.81  pounds  of  water  from  and  at  212°  the  h-eat  ab- 
sorbed was  11.81  X  965.7  =  11,404.9   beat   units.     The 

i«  .             i.  XI-  .  !_  .,       XT-      i.                11,404.9  X  100 
efficiency   of  the   boiler  therefore   was ^,^^ 

=  76  per  cent. 

In  like  manner  to  ascertain  the  efficiency  of  the  boiler 
and  furnace  as  a  whole,  the  water  evaporated  from  and 
at  212°  per  pound  of  coal  is  taken.  Thus,  10.61  X  965.7 
=  10,246  heat  units  absorbed  from  each  pound  of  coal. 
Now  assuming  that  there  were  13,500  heat  units  in  each 
pound  of  the  coal  used  in  the  test,  the  per  cent  of  ef- 
ficiency of  boiler  and  furnace  was 

10,246  X  100  _^^^ 
13,500       ""  '^•^' 
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Fifth,  water  evaporated  per  pound  of  dry  coal  from 
and  at  212^  =  water  evaporated  into  dry  steam  from 
and  at  212®  divided  by  coal  corrected  for  moisture. 
Thus,  117,788^10.878=10.82  lbs.  This  result  is  use- 
ful for  calculating  the  results  of  tests  of  the  same  grade 
of  coal,  but  differing  in  the  degree  of  moisture  in  each. 

Sixth.  Boiler  horse  power.  The  latest  decision  of 
the  American  Society  of  Mechanical  Engineers  (than 
whom  there  is  no  better  authority)  regarding  the  horse 
power  of  a  boiler  is  as  follows:  **The  unit  of  commer- 
cial horse  power  developed  by  a  boiler  shall  be  taken  as 
34V^  units  of  evaporation  per  hour.  That  is,  34^/^  lbs. 
of  water  evaporated  per  hour  from  a  feed  temperature 
of  212°  into  steam  of  the  same  temperature.  This  stand- 
ard IS  equivalent  to  33,317  B.  T.  U.  per  hour.  It  is  also 
practically  equivalent  to  an  evaporation  of  30  lbs.  of 
water  from  a  feed  water  temperature  of  100°  P.  into 
steam  of  70  lbs.  gauge  pressure." 

According  to  this  rule  the  horse  power  developed  by 
the  boiler  during  the  test  undBr  consideration  =  water 
evaporated  into  dry  steam  from  and  at  212°,  117,788 
lb8.-7-12  hrs.-^  34.5  =  284.5  horse  power. 


QUESTIONS. 

78.  Q.  What  is  one  of  the  most  important  duties  of 
the  engineer  when  he  goes  on  watch? 

A.  To  ascertain  the  exact  height  of  the  water  in  his 
boilers. 

79.  Q.    Describe  the  correct  method  of  doing  this. 

A.  Open  the  valve 'in  the  drain  pipe  of  the  water  col- 
umn, and  allow  the  water  to  blow  out  freely  for  a  few 
seconds,  then  close  the  valve  and  note  the  level  of  the 
water  when  it  settles  back  in  the  gauge  glass. 

80.  Q.  What  is  the  n<ext  important  step  in  begin- 
ning the  day's  work? 

A.  To  see  that  the  fires  are  cleaned  and  in  good  con- 
dition. 

81.  Q.  In  firing  boilers  by  hand,  what  is  the  first 
and  most  important  rule  to  be  observed? 

A.    Keep  a  clean  fire. 

82.  Q.    What  is  the  second  rule? 

A.  See  that  every  square  inch  of  grate  surface  is 
covered  with  a  good  live  fire. 

83.  Q.     Give  the  third  rule  regarding  firing  by  hand. 
A.    Keep  a  level  fire. 

84.  Q.     What  is  the  fourth  rule? 

A.  When  cleaning  the  fire,  always  clean  all  clinkers 
and  dead  ashes  away  from  the  back  end  of  the  grates 
and  the  bridge  wall. 

85.  Q.    Why  should  this  be  done? 

A.  In  order  to  allow  a  free  passage  of  the  air  through 
the  grate  bars,  so  as  to  promote  combustion. 
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86.  Q.  What  is  one  of  the  greatest  aids  to  good  com- 
bustion in  a  hand-fired'  furnace  ? 

A.     A  clean  bridge  wall,  kept  as  hot  as  possible. 

87.  Q.  What  precautions  should  be  observed  regard- 
ing the  depth  of  the  fire? 

A.  It  should  not  be  allowed  to  become  so  deep  and 
heavy  as  to  prevent  the  air  from  passing  up  through  it 
freely. 

88.  Q.  How  should  the  position  of  the  ash-pit  doors 
be  regulated? 

A.  With  a  clean,  light  fire,  a  slight  opening  will  be 
sufReient,  but  with  a  heavy  fire,  and  the  grates  closed 
with  ashes,  a  larger  opening  is  necessary. 

89.  Q.  How  can  the  best  results  be  secured  in  firing 
bituminous  coal? 

A.  By  leaving  the  fire  doors  slightly  open  for  a  few 
seconds  immediately  after  throwing  in  a  fire. 

90.  Q.     What  reason  is  there  for  doing  this? 

A.  Because  the  volatile  matter  in  the  coal  flashes  into 
flame  the  instant  it  comes  in  contact  with  the  heat  of  the 
furnace,  and  unless  there  is  a  suflficient  supply  of  oxy- 
gen present  just  then,  the  combustion  will  be  imperfect. 

91.  Q.  What  is  the  result  of  this  imperfect  com- 
bustion ? 

A.  The  formation  of  carbonic  oxide  gas,  and  the  con- 
sequent loss  of  about  two-thirds  of  the  heat  units  con- 
tained in  the  coal. 

92.  Q.  How  may  this  loss  be  prevented  in  a  great 
measure  ? 

A.  By  admitting  a  sufficient  volume  of  air,  either 
through  the  fire  doors,  directly  after  throwing  in  a  fresh 
fire,  or,  better  still,  providing  air  ducts  through  the  bridge 
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wall,  or  side  walls,  which  will  direct  the  air  in  on  top  of 
the  fire. 

93.  Q.  How  much  air  is  required  for  the  complete 
combustion  of  on-e  pound  of  coal? 

A.    By  weight  12  pounds — ^by  volume  150  cubic  feet. 

94.  Q.  What  precaution  is  necessary  regarding  the 
tubes  of  a  boiler  in  order  to  get  the  heart  results  from  the 
fuel? 

A.  The  tubes  should  be  kept  clean  and  free  from  soot 
an<d  scale. 

95.  Q.  Should  the  steam  jet  cleaner  be  depended 
upon  alone  for  cleaning  the  tubes? 

A.    No.    The  scraper  should  also  be  used. 

96.  Q.    How  should  safety  valves  be  looked  after? 
A.     They  should  be  ample  in  size,  never  overloaded, 

and  should  be  tested  at  least  once  a  day  to  see  that  they 
act  freely. 

97.  Q.  At  what  point  should  the  steam  gauge  pointer 
stand  when  the  pressure  is  off? 

A.     It  should  stand  at  zero. 

98.  Q.  What  should  be  done  in  case  of  low  water  in 
a  boiler? 

A.  The  fire  should  be  covered  immediately  with  ashes, 
earth,  or  if  neither  is  available  use  fresh  coal.  Draw  the 
fire  aa  soon  as  it  can  be  done  without  increasing  the  heat. 

99.  Q.  Should  the  rate  of  feeding  the  water  be  in- 
creased, in  case  of  extremely  low  water  in  the  boiler? 

A.  It  should  not,  neither  should  the  engine  be  stopped 
or  th€  safety  valve  lifted,  until  the  fires  are  out,  and  the 
boiler  cooled  down. 

100.  Q.  In  case  of  indications  of  cracks  or  blisters 
appearing  on  the  boiler  sheets,  what  should  be  done  ? 

A.     There  should  be  no  delay  in  making  repairs. 
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101.  Q.  What  should  be  done  with  fusible  plugs 
when  used  ? 

A.  They  should  be  cleaned  and  carefully  scraped  on 
both  water  and  fire  sides  at  each  washing  out. 

102.  Q.  How  may  the  most  economical  results  re- 
garding fuel  be  attained  with  a  steam  boiler  ? 

A.  By  keeping  the  heating  surfaces  clean,  both  inside 
and  outside,  also  careful  firing,  a  little  at  a  time,  but 
keeping  the  grates  covered. 

103.  Q.  Should  cold  water  ever  be  fed  into  a  boiler 
when  it  is  under  pressure  1 

A.    Not  when  it  can  be  avoided. 

104.  Q.     How  may  foaming  usually  be  stopped? 

A.  By  checking  the  outflow  of  steam,  by  blowing 
down  and  pmnping  up,  or  by  checking  the  draft  and  fires. 

105.  Q.  Should  air  be  allowed  to  pass  to  the  boiler 
or  tubes,  except  through  the  furnace  ? 

A.    It  should  not,  as  it  will  cause  a  waste  of  fuel. 

106.  Q.  What  should  be  done  with  leaks  when  dis- 
covered? 

A.     They  should  be  repaired  as  soon  as  possible. 

107.  Q.  What  precautions  should  be  observed  when 
preparing  to  empty  a  boiler  for  washing  out  or  other 
purposes? 

A.  Allow  it  to  cool  down  until  there  is  no  steam  pres- 
sure, and  until  the  brick  work  is  cool  also. 

108.  Q.  When  firing  up  a  boiler  what  course  should 
be  pursued  ? 

A.  Steam  should  be  raised  very  slowly  and  rapid 
firing  avoided. 

109.  Q.  What  bad  results  follow  too  rapid  firing  up 
of  a  boiler? 
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A.  Straining  of  the  joints  and  seams  caused  by  un- 
equal expansion. 

110.  Q.  What  should  be  done  with  a  boiler  that  is  to 
stand  idle  for  any  length  of  time? 

A.  It  should  be  emptied  and  thoroughly  dried.  In 
case  this  is  impracticable,  fill  it  full  of  water,  and  put  in 
a  quan'tity  of  washing  soda. 

111.  Q.  How  long  a  time  may  a  boiler  be  safely 
operated  between  dates  of  washing  out? 

A.  This  depends  upon  the  nature  of  the  feed  water. 
The  time  should  never  be  longer  than  two  weeks,  and 
with  very  bad  water,  the  boiler  should  be  washed  out 
once  a  week. 

112.  Q.  Besides  cleaning  the  boiler  inside,  what 
other  very  important  work  should  the  boiler  washer  per- 
form while  inside  the  boiler? 

A.  He  should  closely  examine  all  braces,  stays,  and 
rivets  by  tapping  them  with  a  hammer.  Any  loose  or  de- 
fective parts  can  usually  be  detected  in  this  way. 

113.  Q.  Describe  four  ways  in  which  tube  failures 
may  occur? 

A.  1.  Pitting.  2.  Defective  welds.  3.  Bagging.  4. 
Scabbing  and  blistering. 

114.  Q.  How  may  a  great  saving  in  fuel  be  effected 
with  regard  to  the  feed  water? 

A.  By  heating  it  with  the  exhaust  steam  from  engines 
and  pumps  before  passing  it  to  the  boilers. 

115.  Q.  How  many  kinds  of  exhaust  heaters  are 
there  ? 

A.     Two.    Open  and  closed. 

116.  Q.  What  principle  governs  the  operation  of  an 
open  heater? 
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A.  The  exhaust  steam  mingles  with  the  water,  and 
heats  it  as  it  passes  through  the  heater. 

117.  Q.    Describe  a  closed  heater? 

A.  Id  a  closed  heater  the  steam,  either  exhaust  or  live 
Bteam,  passes  through  tubes  inside  a  shell  containing  the 
feed  water.  In  some  types  of  closed  heaters  the  water 
passes  through  the  tubes  and  the  steam  is  passed  through 
the  shell. 

118.  Q.  What  should  be  the  capacity  of  a  closed 
heater  relative  to  the  demands  of  the  boiler  for  water? 

A.  It  should  contain  water  sufficient  to  supply  the 
boiler  for  fifteen  or  twenty  minutes. 

119.  Q.  Describe  the  available  heating  surface  of  a 
stationary  boiler,  of  either  type,  return  tubular  or  water 
tube? 

A.  The  lower  half  of  the  shell,  and  heads,  and  the 
combined  cross  sectional  area  of  all  the  tubes. 

120.  Q.  What  should  be  the  location  of  the  water 
gauge  glass  relative  to  the  water  level  in  the  boiler  ? 

A.  It  should  be  located  at  such  a  height  as  to  bring  the 
lower  end  of  the  glass  tube  on  a  level  with  the  danger 
point  for  low  water  in  the  boiler. 

121.  Q.  Where  should  the  lower  gauge  cock  be  lo- 
cated relative  to  the  danger  point? 

A.    About  three  inches  above. 

122.  Q.  Should  an  engineer  or  water  tender  depend 
entirely  upon  the  water  gauge  glasses  ? 

A.  He  should  not,  but  should  frequently  open  and  try 
the  gauge  cocks. 

123.  Q.  What  should  be  done  with  the  entire  water 
eolunm  several  times  a  day? 

A.     It  should  be  blown  out  thoroughly. 
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124.  Q.  What  should  be  done  with  the  safety  valves 
in  order  to  make  them  reliable  ? 

A.  They  should  be  allowed  to  blow  off  at  least  twice  a 
week. 

125.  Q.    Why  is  this  necessary? 

A.  Because  the  valves  are  liable  to  become  corroded 
and  stick  to  their  seats  if  not  attended  to  properly. 

126.  Q.  What  is  the  rule  for  finding  the  bursting 
pressure  of  boilers! 

A.  Multiply  the  tensible  strength  by  the  thickness  and 
divide  by  one-half  the  diameter  of  the  shell. 

127.  Q.  How  may  the  safe  working  pressure  of  a 
boiler  be  ascertained? 

A.    By  dividing  the  bursting  pressure  by  five. 

128.  Q.  What  is  the  rule  for  ascertaining  the  ve- 
locity of  flow  in  a  pump  ? 

A.  Multiply  the  number  of  strokes  per  minute  by 
length  of  stroke  in  feet.    This  vrill  give  piston  speed. 

129.  Q.  How  may  velocity  of  flow  in  the  discharge 
pipe  of  a  pump  be  found  ? 

A.  Divide  square  of  diameter  of  water  piston  by  the 
square  of  the  diameter  of  pipe,  and  multiply  by  piston 
speed  per  minute. 

130.  Q.  What  is  the  rule  for  finding  velocity  in  feet 
per  minute  required  to  discharge  a  jgiven  quantity  of 
water  in  a  given  time  ? 

A.  Multiply  number  of  cubic  feet  to  be  discharged  by 
144  and  divide  by  area  of  pipe  in  inches. 

131.  Q.  When  the  volume  and  velocity  of  water  to  be 
discharged  are  known,  how  may  the  area  of  the  pipe  be 
ascertained  ? 

A.  Multiply  volume  in  cubic  feet  by  144  and  divide 
by  velocity  in  feet  per  minute. 
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132.  Q.  How  many  different  classes  of  mechanical 
stokers  are  there! 

A.  Four,  viz.,  the  endless  chain  grate.  Second,  those 
in  which  the  grates  have  an  up  and  down  motion.  Third, 
inclined  grates,  and  fourth,  under  feed  stokers. 

133.  Q.  For  what  two  purposes  are  chimneys  de- 
signed ? 

A.  First,  to  carry  off  obnoxious  gases.  Second,  to  pro- 
duce a  draft  and  so  facilitate  combustion. 

134.  Q.     How  may  the  first  purpose  be  served  ? 
A.    By  size. 

135.  Q.    How  is  the  second  requisite  met! 
A.    By  height. 

'135a.     Q.    What  is  the  best  form  of  chimney  ? 
A    Round  and  straight  or  slightly  tapering. 

136.  Q.     Of  what  is  air  composed  ? 

A.  Air  is  a  mixture  of  the  two  gases,  oxygen  and 
nitrogen. 

.  137.     Q.    In  what  proportions  by  volume? 
A.     20.91  parts  oxygen  to  79.09  parts  nitrogen. 

138.  Q.    In  what  proportions  by  weight  1 

A.     23.15  parts  oxygen  to  76.85  parts  nitrogen. 

139.  Q.  What  is  meant  by  the  term  combustion  as 
used  in  steam  engineering? 

A.  It  is  the  rapid  chemical  combination  of  oxygen 
with  the  carbon,  hydrogen  and  sulphur  in  the  fuel  with 
the  accompaniment  of  beat  and  light. 

140.  Q.     What  is  meant  by  the  symbol  CO2? 

A.  CO2  represents  perfect  combustion,  viz.,  the  cre- 
ation of  carbon  dioxide. 

141.  Q.  What  is  the  most  abundant  combustible  in 
nature  ? 

A.    Carbon. 
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142.  Q.  How  maDy  heat  units  are  contained  in  one 
pound  of  pure  carbon? 

A.     14,500. 

143.  Q.  What  is  the  heating  value  of  one  pound  of 
hydrogen  gas? 

A.     62,000. 

144.  Q.     Give  the  composition  of  coal. 

A.  Fixed  carbon,  volatile  matter,  ash  and  sulphur  in 
various  proportions,  depending  upon  the  quality  of  the 
coal. 

145.  Q.    Is  sulphur  desirable  as  a  constituent  of  coal  f 
A.     It  is  not.    The  gases  formed  from  its  combustion 

attack  the  metal  of  the  boiler,  causing  corrosion. 

146.  Q.  What  oflSce  does  nitrogen  perform  in  com- 
bustion 1 

A.  No  useful  office.  Rather  it  is  a  detriment,  and  in 
fact  is  the  chief  source  of  loss  in  furnaces.  It  is  drawn 
in  with  the  air. 

147.  Q.  What  is  meant  by  the  term  calorific  value 
of  fuel? 

A.  The  amount  of  heat  liberated  per  pound  of  fuel 
undergoing  perfect  combustion? 

148.  Q.  Wh'at  are  economizers  in  connection  with  a 
boiler  plant  ? 

A.  Coils  or  stacks  of  cast  iron  pipe  placed  within  the 
smoke  flue  or  breeching  and  surrounded  by  the  hot  gases 
while  the  water  is  passed  through  the  pipes  on  its  way  to 
the  boilers,  thus  receiving  an  additional  amount  of  heat. 

149.  Q.  What  two  factors  are  necessary  in  order  to 
attain  economy  in  the  burning  of  coal  ? 

A.  A  constant  high  furnace  temperature  and  quick 
combustion. 

150.  Q.     Define  the  t^rm  heat  ? 
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A.  Heat  is  the  result  of  the  vibration  of  the  molecules 
or  atoms  composing  matter. 

151.  Q.  Upon  what  does  the  intensity  of  heat  de- 
pend? 

A.  Upon  the  rapidity  of  the  agitation  to  which  the 
molecules  are  subject. 

152.  Q.    What  are  the  general  effects  of  heat? 

A.  When  heat  is  added  to  or  taken  away  from  a  body 
the  temperature  of  the  body  is  altered  and  its  volume  is 
varied. 

153.  Q.    What  is  absolute  zero? 

A.  It  is  that  degree  of  temperature  at  which,  owing 
to  the  intense  cold,  a  perfect  gas  would  disappear.  Abso- 
lute zero  is  461°  below  the  zero  of  the  Fahrenheit  ther- 
mometer. 

154.  Q.    What  is  a  heat  unit  (B.  T.  U.)  ? 

A.  It  is  the  quantity  of  heat  required  to  raise  the  tem- 
perature of  one  pound  of  water  one  degree,  or  from  39° 
to  40°  F. 

155.  Q.    What  is  the  mechanical  equivalent  of  heat  ? 
A.    778  foot  pounds;  in  other  words,  778  pounds  raised 

one  foot. 

156.  Q.    What  is  specific  heat  of  any  substance? 

A.  The  ratio  of  the  quantity  of  heat  required  to  raise 
a  given  weight  of  that  substance  one  degree  in  tempera- 
ture, to  the  quantity  of  heat  required  to  raise  an  equal 
weight  of  water  one  degree  when  the  water  is  at  its  maxi- 
mum density,  viz.,  39.1°  F. 

157.  Q.    What  is  latent  heat? 

A.     Heat  given  to  a  body  and)  not  warming  it. 

158.  Q.    What  is  sensible  heat? 

A.     Heat  given  to  a  body  and  warming  it. 
J59.    Q.    Of  wliat  is  pure  water  composed  ? 
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A.    By  volmn-e — Hydrogen    2     parts,  oxygen    1. 
By  weight—      ''  11.1    *'  '*       .88.9. 

160.  Q.  Is  perfectly  pure  water  desirable  for  use  in 
a  steam  boiler? 

A.  It  is  not,  as  it  will  cause  corrosion  and  pitting  of 
the  sheets. 

161.  Q.  What  two  ingredients  in  water  are  the  chief 
causes  of  incrustation  in  boilers? 

A.     The  carbonates  of  lime  and  magnesia. 

162.  Q.    What  is  steam? 

A.  Steam-  is  the  vapor  of  water  generart;ed  by  an  in- 
crease of  the  natural  vibrations  of  molecules  of  the  water 
through  the  application  of  heat. 

163.  Q.    What  is  saturated  steam  ? 

A.  Steam  taken  directly  from  the  boiler  to  the  engine 
without  being  superheated. 

164.  Q.    What  is  superheated  steam  ? 

A.  Steam  that  has  been  heated  to  a  higher  tempera- 
ture than  that  due  to  its  pressure. 

165.  Q.  What  should  be  done  with  all  pipes  through 
which  live  steam  is  conducted  for  purposes  of  heating  or 
power  ? 

A.  They  should  be  well  protected  by  a  covering  to 
prevent  condensation. 

166.  Q.    What  is  the  object  of  an  evaporation  test  ? 
A.    To  ascertain  bow  many  pounds  of  water  the  boilers 

are  evaporating  per  pound  of  fuel  burned. 

167.  Q.     What  is  a  calorimeter? 

A.  An  apparatus  for  determining  the  amount  of  mois- 
ture there  is  in  steam. 

168.  Q.  How  is  the  eflSciency  of  the  boiler  and  fur- 
nace ascertained  through  an  evaporation  test? 

A.    By  weighing  the  coal  consumed  and  the  water 
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evaporated  during  a  certain  number  of  hours  and  divid- 
ing the  number  of  lbs.  of  water  evaporated  by  the  num- 
ber of  lbs.  of  coal  consumed.  This  will  give  number  of 
lbs.  water  evaporated  per  lb.  of  coal. 

169.     Q.    What  is  meant  by  boiler  horse  power  ? 

A.  The  evaporation  of  34V2  lbs.  water  from  a  feed 
temperature  of  212°  into  steam  of  the  same  temperature, 
or  the  evaporation  of  30  lbs.  water  from  a  feed  tempera- 
ture of  100°  into  steam  at  70  lbs.  gauge  pressure. 


STEAM  ENGINES. 

DESCRIPTIVE. 

Steam  engines  may  be  divided  into  two  general  classes, 
viz.,  simple  and  compound. 

A  simple  engine  may  be  either  condensing  or  non- 
condensing,  but  its  leading  characteristic  is,  that  the 
steam  is  used  in  but  one  cylinder,  and  from  thence  it  is 
exhausted  either  into  the  atmosphere  or  into  a  condenser. 

A  compound  engine  is  one  in  which  the  srteam  is  made 
to  do  work  in  two  or  more  cylinders  before  it  is  allowed 
to  exhaust,  and  this  class  of  engine  may  be  either  con- 
densing or  non-condensing. 

In  a  nourcondensing  engine  the  pressure  of  the  atmos- 
phere, amounting  to  14.7  lbs.  per  square  inch  at  sea 
level,  is  constantly  in  resistance  to  the  motion  of  the 
piston.  Therefore  the  exhaust  pressure  cannot  fall  be- 
low the  atmospheric  pressure,  and  is-  generally  from  two 
to  five  pounds  above  it,  caused  by  the  resistance  of  bends 
and  turns  in  the  exhaust  pipe,  or  other  causes  which 
tend  to  retard  the  free  passage  of  the  steam. 

The  advantage,  from  an  economical  point  of  view, 
of  exhausting  the  steam  into  a  condenser  in  which  a 
vacuum  is  maintained,  will  be  fully  set  forth  in  the  sec- 
tion on  Indicator  Work. 

Condensers  are  of  two  classes,  viz.,  jet  condensers  and 
surface  condensers. 

In  a  jet  condenser  the  steam  is  exhausted  into  an 

air-tight  iron  vessel  of  any  convenient  shape,  generally 

cylindrical  and  of  suitable  size,  and  is  there  condensed 

by  coming  in  contact  with  a  jet  of  cold  water,  admitted 
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in  the  form  of  a  spray.  The  air  pump,  which  also  main- 
tains a  vacuum  in  the  condenser,  draws  this  water,  to- 
gether with  the  condensed  steam,  away  from  the  con- 
denser. 


95 
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The  surface  condenser,  like  the  jet  condenser,  con- 
sists of  an  air-tight  iron  vessel,  either  cylindrical  or 
rectangular  in  shape,  but  unlike  the  jet  condenser,  it  is 
fittecj  with  a  large  number  of  brass  or  copper  tubes  of 
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small  diameter,  through  whidi  cold  water  is  forced  by  a 
pump,  usiled  a  circulating  pump.  A  vacuum  is  also 
maiiKtained  in  the  body  of  the  condenser  by  the  air 
pump,  and  the  steam  exhausting  into  this  is  condensed 
by  coming  in  contact  with  the  cool  surface  of  the  tubes. 
Or,  as  is  often  the  case,  the  exhaust  steam  passds  through 
the  tubes  in  place  of  around  them,  and  the  condensing 
water  is  forced  into  and  through  the  body  of  the  con-, 
denser,  the  vacuum  in  this  case  being  maintained  in  the  • 
tubes.  Owing  to  the  fact  that  in  a  surface  condenser 
the  steam  does  not  mix  with  the  water,  a  larger  quantity 
of  condensing  water  is  required  than  in  a  jet  condenser, 
but  on  the  other  hand,  an  advantage  is  gained  by  having 
the  pure  water  of  condensation ;  in  other  words,  the  con- 
densed steam,  which  may  be  returned  to  the  boilers  along 
with  the  regular  feed  water  supply,  and  will  greatly  aid 
in  preventing  the  formation  of  scale,  while  the  water  of 
condensation  as  it  comes  from  a  jet  condenser,  being 
mixed  with  oil  and  other  impurities,  is  not,  as  a  rule, 
suitable  to  be  fed  to  boilers. 

There  are  many  different  tjrpes  of  jet  condensing  ap- 
paratus, in  some  of  which  no  air  pump  is  used;  their 
action  being  based  somewhat  upon  the  principle  of  the 
injector  used  for  feeding  boilers.  In  this  type  of  jet 
condenser  the  supply  of  condensing  water  is  drawn  from 
outside  pressure,  either  from  an  overhead  tank  or  other 
source,  and  passing  into  an  annular  enlargement  of  the 
exhaust  pipe,  is  discharged  downwards  in  the  form  of 
a  cylindrical  sheet  of  water  into  a  nozzle  which  grad- 
ually contracts.  The  exhaust  steam,  entering  at  the 
same  time,  is  condensed,  and  the  contracting  neck  of  the 
cone  shaped  nozzle  gradually  brings  the  water  to  a  solid 
jet,  and  it  rushes  through  tlie  nozzle  with  a  velocity 
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sufficient  to  create  a  vacuum.  This  type  of  condenser 
can  only  be  used  where  the  discharge  pipe  has  a  free 
outlet. 

The  jet  condenser  with  air  pump  attached  is  the  most 
reliable  as  well  as  economical  for  general  purposes,  for 
the  reason  that  with  this  type  the  supply  of  condensing 
water  may  be  drawn  from  a  well  or  other  source  lower 
than  the  level  of  the  condenser.  These  condensers  are 
also  generally  fitted  with  a  ** force  injection/'  as  it  is 
called,  which  is  simply  a  connection  between  the  con- 
denser and  water  main  or  tank,  for  the  purpose  of  let- 
ting cold  water  into  the  condenser  to  condense  the  ex- 
haust steam  when  starting  the  engine,  and  thus  aid  in 
forming  a  vacuum.  When  a  good  vacuum  has  been 
established  and  the  engine  is  running  up  to  speed,  the 
force  injection  may  be  shut  off,  and  the  water  will  flow 
into  the  condenser  from  the  well  by  suction.  The  above 
refers  to  engines  in  which  the  air  pump  receives  its 
motion  directly  from  the  engine. 

Another  type  of  jet  condensing  apparatus  is  the  in- 
dependent air  pump  and  condenser,  which  is  still  better, 
for  the  reason  that  the  air  pump,  which  is  simply  an 
ordinary  double  acting  steam  pump,  may  be  started  in- 
dependently of  the  engine,  and,  in  fact,  before  the  en- 
gine is  started,  thus  creating  a  vacuum  in  the  condenser, 
and  greatly  facilitating  the  starting  of  the  engine.  An- 
other great  advantage  in  the  independent  condensing 
apparatus  is,  that  there  is  not  so  much  danger  of  the 
water  backing  up  into  the  cylinder  in  case  of  a  sudden 
shut  down  of  the  engine,  because  the  air  pump  may  be 
kept  in  operation,  thus  relieving  the  condenser  of  water ; 
whereas,  if  the  air  pump  gets  its  motion  from  the  engine, 
it  will  of  course  stop  when  the  engine  stops,  and  unless 
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the  injection  water  is  shut  off  immediately  after  closing 
the  throttle  there  is  great  danger  of  the  cylinder  becom- 
ing flooded  with  water,  resulting  very  often  in  a  broken 
cylinder  head,  or  a  bent  piston  rod. 

The  quantity  of  water  required  to  condense  the  ex- 
haust steam  of  an  engine  is  determined  by  tliree  factors: 
First,  the  density,  temperature  and  volume  of  the  steam 
to  be  condensed  in  a  given  time  j  second,  the  temperature 
of  the  overflow  or  discharge,  and  third,  the  temperature 
of  the  injection  water.     For  instance,  the  temperature 


Fig.    96.     Cross    Compound    Direct    OoDDected    Corliss   Engine.    AlUs- 
Chalmers   Co. 

of  the  injection  water  may  be  35°  in  the  winter  and  70° 
in  the  summer.  Or  it  may  be  desired  to  keep  the  over- 
flow at  as  high  a  temperature  as  possible  for  the  purpose 
of  feeding  the  boilers.  Again,  the  pressure,  and  conse- 
quently the  temperature  of  the  exhaust  steam  as  it  enters 
the  condenser,  varies  with  different  engines,  and  often 
with  the  same  engine,  according  as  the  load  is  light  or 
heavy.  Therefore  the  only  accurate  method  of  estimat- 
ing the  amount  of  condensing  water  required  per  minute 
or  per  hour,  under  any  and  all  copditioos,  13  to  first 
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ascertain  the  weight  of  water  required-  to  condiense  one 
pound  weight  of  steam  at  the  temperature  and  pressure 
at  which  the  steam  is  being  exhausted.  In  these  calcu- 
lations the  total  heat  in  the  steam  must  be  considered. 
This  means  not  only  the  sensible  heat,  but  the  latent 
heat  also. 

The  formula  for  solving  the  above  problem  may  be 

XT rn 

expressed  as  follows:    —^ — j=W,  in  whdcJi 

H=total  heat  in  the  steam, 
T=^emperature  of  the  overflow, 
I=temperature  of  the  injection  water, 
W=weight  of  water  required  to  condense  one  pound 
weight  of  steam. 

To  illustrate,  suppose  the  absolute  pressure  of  the 
exhaust,  as  shown  by  the  indicator  diagram,  is  7  lbs.  Re- 
ferring to  Table  10,  it  will  be  seen  that  the  total  heat 
in  steam  at  7  lbs.  absolute  is  1135.9  heat  units.  Assume 
the  temperature  of  the  overflow  to  be  110°,  which  is  as 
high  88  is  consistent  with  a  good  vacuum.  Now  the  total 
heat  to  be  absorbed  from  each  pound  weight  of  steam 
in  this  case  would  be  1135.9—110=1025.9  B.  T.  U. 

Suppose  the  temperature  of  the  condensing  water  to 
be  55°  and  the  temperature  of  the  overflow  being  110°, 
thore  will  be  110°— 55°=55°  of  heat  absorbed  by  each 
pound  of  water  passing  into  and  through  the  condenser, 
and  the  number  of  pounds  of  water  required  to  condense 
one  pound  weight  of  steam  under  the  above  conditions 
will  equal  the  number  of  times  55  is  contained  in  1025.9. 
Expressed  in  plain  figures  the  calculation  is 
1135.9-110     ,^_,. 

In  order  to  ascertain  the  quantity  of  condensing  water 
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required  per  horse  power  per  hour,  it  is  ooly  necessary 
to  know  the  number  of  pounds  weight  of  steam  con- 
sumed by  the  engine  per  horse  power  per  hour,  as  shown 
by  the  indicator  diagram,  and  multiply  this  by  the 
weight  of  condensing  water  required  per  pound  of  steam, 
as  found  by  the  above  solution. 

Thus,  suppose  the  steam  consumption  of  the  engine 
to  be  17  lbs.  per  I.  H.  P.  per  hour.  Then  17X18.65= 
317.05  lbs.  per  hour,  which  reduced  to  gallons=38.2  gals. 

Or,  if  the  steam  consumption  is  not  known,  and  the 
weight  only  of  condensing  water  required  per  hour  is 


Pig.    97.     Tandem   Compound    Engine,    Buckeye   Engine   Co. 

desired,  regardless  of  the  horse  power  developed  by  the 
engine,  it  will  be  necessary,  first,  to  estimate  the  total 
volume  of  steam  exhausted  per  hour  and  calculate  its 
weight  from  its  known  pressure. 

Thus,  assume  the  engine  to  be  24X48  in^,  and  the 
R.  P.  M.  to  be  80.  Then  the  piston  displacement  will 
equal  area  of  piston  less  one-half  area  of  rod  multiplied 
by  length  of  stroke.  Referring  to  Table  22,  the  area  of 
a  circle  24  in.  in  diametert=452.39  sq.  in.  Suppose  the 
piston  rod  to  be  4.5  in.  in  diameter,  its  area,  according 
to  Table  22,  is  15.904  sq.  in.,  one^half  of  which=7.952 
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sq.  in.  The  effective  area  of  the  piston  now  becomes 
452.39 — 7.952=^444.43  sq.  in.,  and*  the  piston  displace- 
ment equals  444.43X48=21332.64  cu.  in.    Dividing  this 


Fig.    9B.     Knowles    Jet    Condenser. 

by  1728  (number  of  cubic  inches  in  a  cubic  foot)  gives 
12.34  cu.  ft.  of  piston  displacement.     The  total  volume 
of  steam  exhausted  per  minute,  therefore,  will  be  12.34 
X2X8(X=1974.4  cu.  ft. 
The  absolute  pressure  of  the  exhaust  may  again  be 
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assumed  to  be  7  lbs.  per  square  inch.  Referring  to 
Table  10,  the  weight  of  one  cubic  foot  of  steam  at  7 
lbs.  absolute  is  .0189  lbs.,  and  the  total  weight  of  steam 
exhausted  per  minute,  therefore,  would  be  1974.4X 
.0189=37.3  lbs.,  and  if  18.65  lbs.  water  is  required  to 
condense  one  pound  of  steam,  the  quantity  required  per 
minute  would  be  37.3X18.65=695.8  lbs.,  or  per  hour, 
41748  lbs.,  equal  to  5029  gals.  This  is  at  the  rate  of  8.7 
lbs.,  or  a  little  more  than  one  gallon  per  revelation  for 
a  24X48  in.  simple  condensing  engine.  Table  23  gives 
the  quantity  of  injection  water  required  per  revolution 
for  different  types  of  condensing  engines. 


TABLE  22.    Areas  and  Circumferences  of  Circles. 


Diam. 

Area. 

Circum. 

DIam. 
8 

Area.    ' 

circum. 

.25 

.049 

.7854 

50.265 

25.132 

.5 

.1963 

1.5708 

8.25 

53.456 

25.918 

1.0 

.7854 

3.1416 

8.5 

56.746 

26.703 

1.25 

1.2271 

3.9270 

9 

63.617 

28.274 

1.6 

1.7671 

4.7124 

9.26 

67.200 

29.059 

2 

3.1416 

6.2832 

9.6 

70.882 

29.845 

2.25 

8.9760 

7.0686 

10 

78.540 

31.416 

2.5 

4.9087 

7.8540 

10.25 

82.516 

32.201 

3 

7.0686 

9.4248 

10.5 

86.590 

32.986 

8.25 

8.2957 

10.210 

11 

95.033 

84.557 

3.5 

9.6211 

10.995 

11.25 

99.402 

36.343 

4 

12.566 

12.566 

11.5 

103.869 

36.128 

4.25 

14.186 

13.351 

12 

113.097 

37.699 

4.5 

15.904 

14.137 

12.25 

117.859 

38.484 

5 

19.635 

15.708 

12.5 

122.718 

89.270 

5.25 

21.647 

16.493 

13 

132.732 

40.840 

5.5 

23.768 

17.278 

13.25 

137.886 

41.626 

6 

28.274 

18.849 

13.5 

143.130 

42.411 

6.25 

80.679 

19.636 

14 

153.938 

43.982 

6.5 

33,183 

20.420 

14.25 

169.485 

44.767 

7 

88.484 

21.991 

14.6 

165.130 

45.553 

7.25 

41.282 

22.776 

15 

176.715 

47.124 

7.5 

44.178 

23.562 

15.25 

182.654 

47.909 
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DIaiii. 

Area. 

Circum. 

Diam. 

Area. 

Circum. 

16.6 

188.692 

48.694 

28.6 

637.941 

89.686 

16 

201.062 

60.266 

29 

660.621 

91.106 

16.26 

207.894 

61.061 

29.26 

671.968 

91.891 

16.6 

218.826 

61.836 

29.6 

683.494 

92.677 

17 

226.980 

63.407 

30 

706.860 

94.248 

17.26 

238.706 

64.192 

30.25 

718.690 

96.038 

17.6 

240.620 

64.978 

30.6 

730.618 

96.818 

18 

264.469 

66.648 

31 

764.769 

97.889 

18.26 

261.687 

67.384 

31.26 

766.992 

98.176 

18.6 

268.803 

68.119 

31.6 

799.313 

98.968 

19 

288.629 

69.690 

32 

804.249 

100.63 

19.26 

291.039 

60.476 

32.26 

816.86 

101.31 

19.6 

298.648 

61.261 

33 

866.30 

103.67 

20 

314.160 

62.832 

33.26 

868.80 

104.46 

20.26 

822.063 

68.617 

33.6 

881.41 

106.24 

20.6 

330.064 

64.402 

34 

907.92 

106.81 

21 

346.361 

66.973 

34.26 

921.32 

107.60 

21.26 

364.667 

66.769 

34.6 

.  934.82 

108.38 

21.6 

363.061 

67.644 

36 

962.11 

109.96 

22 

380.133 

69.116 

36.26 

975.90 

110.74 

22.26 

388.822 

69.900 

35.6 

989.80 

111.52 

22.6 

397.608 

70.686 

36 

1017.8 

113.09 

23 

416.476 

72.266 

86.26 

1032.06 

113.88 

23.26 

424.667 

73.042 

36.5 

1046.35 

114.66 

23.6 

433.731 

78.827 

37 

1076.21 

116.23 

24 

462.390 

75.898 

37.26 

1089.79 

117.01 

24.26 

461.864 

76.183 

37.6 

1104.46 

117.81 

24.6 

471.486 

76.969 

38 

1134.11 

119.38 

26 

490.876 

78.540 

38.25 

1149.08 

120.16 

26.26 

600.741 

79.325 

38.5 

1164.15 

120.96 

26.6 

610.706 

80.110 

39 

1194.59 

122.52 

26 

630.930 

81.681 

39.25 

1209.95 

123.30 

26.26 

641.189 

82.467 

39.6 

1225.42 

124.09 

26.6 

661.647 

83.262 

40 

1256.64 

126.66 

27 

672.666 

84.823 

40.25 

1272.39 

126.44 

27.26 

683.208 

86.608 

40.6 

1288.25 

127.23 

27.6 

693.968 

86.394 

41 

1320.25 

128.80 

28 

616.763 

87.964 

41.25 

1336.40 

129.59 

28.26 

626.798 

88.750 

41.5 

1352.65 

130.87 
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Diam. 

Area. 

Circum. 

Diam. 

Area. 

Circum. 

42 

1385.44 

131.94 

55 

2375.83 

172.78 

42.25 

1401.98 

132.73 

55.25 

2397.48 

173.57 

42.5 

1418.62 

133.51 

55.5 

2419.22 

174.85 

48 

1452.20 

135.08 

56 

2463.01 

175.92 

48.25 

1469.13 

135.87 

56.25 

2485.05 

176.71 

43.5 

1486.17 

136.65 

56.5 

2507.19 

177.5 

44 

1520.53 

138.23 

57 

2551.76 

179.07 

44.25 

1537.86 

139.01 

57.25 

2574.19 

179.85 

44.5 

1555.28 

139.80 

57.5 

2596.72 

180.64 

45 

1590.43 

141.37 

58 

2642.08 

182.21 

45.25 

1608.15 

142.15 

58.25 

2664.91 

182.99 

45.5 

1625.97 

142.94 

58.5 

2687.83 

183.78 

46 

1661.90 

144.51 

59 

2733.97 

185.85 

46.25 

1680.01 

145.29 

59.25 

2757.19 

186.14 

46.5 

1698.23 

146.08 

59.5 

2780.51 

186.92 

.47 

1734.94 

147.65 

60 

2827.44 

188.49 

47.25 

1753.45 

148.44 

60.25 

2851.05 

189.28 

47.5 

1772.05 

149.22 

60.5 

2874.76 

190.06 

48 

1809.56 

150.79 

61 

2922.47 

191.64 

48.25 

1828.46 

151.58 

61.25 

2946.47 

192.42 

48.5 

1847.45 

152.36 

61.5 

2970.57 

198.21 

49 

1885.74 

153.93 

62 

3019.07 

194.78 

49.25 

1905.03 

154.72 

62.25 

3043.47 

195.56 

49.5 

1924.42 

155.50 

62.5 

8067.96 

196.85 

50 

1963.50 

157.08 

63 

3117.25 

197.92 

50.25 

1983.18 

157.86 

63.25 

8142.04 

198.71 

50.5 

2002.96 

158.65 

63.5 

3166.92 

199.50 

51 

2042.82 

160.22 

64 

3216.99 

-  201.06 

51.25 

2062.90 

161.00 

64.25 

3242.17 

201.85 

51.5 

2083.07 

161.79 

64.5 

8267.46 

202.68 

52 

2123.72 

163.36 

65 

8318.31 

204.20 

52.25 

2144.19 

164.14 

65.25 

8343.88 

204.99 

52.5 

2164.75 

164.19 

65.5 

3369.56 

205.77 

53 

2206.18 

166.50 

66 

3421.20 

207.84 

53.25 

2227.05 

167.29 

66.25 

8447.16 

208.13 

53.5 

2248.01 

168.07 

66.5 

3478.23 

208.91 

54 

2290.22 

169.64 

67 

3525.66 

210.49 

54.25 

2311.48 

170.43 

67.25 

3552.01 

211.27 

54.5 

2332.83 

171.21 

67.5 

3578.47 

212.06 
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DIam. 

Area. 

Olrcum. 

DIam. 

Area. 

Gircum. 

68 

8631.68 

213.68 

81.5 

5216.82 

256.04 

68.26 

8658.44 

214.41 

82 

5281.02 

257.61 

68.5 

8685.29 

215.20 

82.5 

5345.62 

259.18 

69 

8789.28 

216.77 

83 

5410.62 

260.75 

69.25 

8766.48 

217^ 

83.5 

5476.00 

262.32 

69.5 

3793.67 

218.34 

84 

5541.78 

263.89 

70 

8848.46 

219.91 

?4.5 

5607.95 

265.46 

70.25 

8875.99 

220.70 

85 

5674.51 

267.04 

70.5 

8903.63 

221.48 

85.5 

5741.47 

268.60 

71 

8959.20 

223.05 

86 

5808.81 

270.17 

71.25 

3987.13 

223.84 

86.5 

5876.55 

271.75 

71.5 

4015.16 

224.62 

87 

5944.66 

273.32 

72 

4071.51 

226.19 

87.5 

6018.21 

274.89 

72.25 

4099.83 

226.98 

88 

6082.13 

276.46 

72.5 

4128.25 

227.75 

88.5 

6151.44 

278.03 

78 

4185.39 

229.34 

89 

6221.15 

279.60 

73.25 

4214.11 

230.12 

89.5 

6291.25 

281.17 

73.5 

4242.92 

230.91 

90 

6371.64 

282.74 

74 

4300.85 

232.48 

90.5 

6432.62 

284.31 

74.25 

4329.95 

233.26 

91 

6503.89 

285.88 

74.5 

4359.16 

234.05 

91.5 

6673.56 

287.46 

75 

4417.87 

235.62 

92 

6647.62 

289.03 

75.25 

4447.87 

236.40 

92.5 

6720.07 

290.60 

75.5 

4476.97 

237.19 

93 

6792.92 

292.17 

76 

4536.87 

238.76 

93.5 

6866.16 

293.74 

76.25 

4566.36 

239.55 

94 

6939.79 

295.31 

76.5 

4596.35 

240.33 

94.5 

7013.81 

296.88 

77 

4656.63 

241.90 

95 

7088.23 

298.46 

77.25 

4686.92 

242.69 

95.5 

7163.04 

300.02 

77.5 

4717.80 

243.47 

96 

7238.25 

301.59 

78 

.4778.87 

245.04 

96.5 

7313.80 

303.16 

78.26 

4809.05 

245.83 

97 

7389.81 

304.73 

78.5 

4839.83 

246.61 

97.5 

7466.22 

ft06.30 

79 

4901.68 

248.19 

98 

7542.89 

307.88 

79.25 

4932.75 

248.97 

98.5 

7620.09 

309.44 

79.5 

4963.92 

249.76 

99 

7697.70 

311.02 

80 

5026.56 

251.33 

99.5 

7775.63 

312.58 

80.5 

5089.68 

252.90 

100 

7864.00 

314.16 

81 

5153.00 

254.47 
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Fig.    99. 


Worthington    Surface    Condenser, 
Pump. 


with   Air   and   Clnmlating 


TABLE  23. 

QUANTITY  OP    INJECTION    WATER    FOR   JET    CONDENSERS. 

Injection  Temp.  50^.  Overflow  Temp.  110^. 


WATER  PER  REV. 

SINOLB  KXP. 

DOUBLE  KXP. 

TBIPLB   BXP. 

LOW   PRKSS. 

KNQINBS. 

RSOTNE8. 

BNGINEB. 

CTUNDKR. 

Lbs. 

Galls. 

Lbs. 

Galls. 

Lbs. 

Galls. 

20  ill.  X  86  in. 

4.2 

.5 

8.9 

.47 

8.6 

.48 

22  *•   xa6  *♦ 

5.1 

.61 

4.8 

.57 

4.4 

.58 

24  **   X  42   •• 

7. 

.84 

6.6 

.79 

6. 

.72 

26  •*   X  42   *• 

8.8 

1. 

7.8 

.98 

7.2 

.87 

28  **   x48   •* 

11. 

1.45 

10.4 

1.24 

9.6 

1.14 

80  **   X  48   " 

12.6 

1.52 

11.7 

1.41 

10.8 

1.8 

82  ♦*   X  54   •» 

16.2 

1.95 

15. 

1.81 

18.9 

1.68 

84  -   X  54   •' 

18.8 

2.2 

17.0 

2.05 

15.8 

1.9 

86  -   X  60   - 

22.8 

2.75 

21.2 

2.55 

19.6 

2.36 

8S  "    x60   *• 

2,5.5 

8.07 

28.7 

2.85 

21.9 

2.64 

40  '•    X  66   ** 

81. 

8.73 

28.8 

8.45 

26.7 

3.2 

44  -    X  66   •* 

37.5 

4.51 

84.8 

4.2 

82.2 

8.8 

4H  ••    X  72   «« 

48.5 

5.M4 

45. 

5.42 

41.7 

6. 

52  ••    X  72  •* 

57. 

6.89 

53.1 

6.4 

49.2 

5.9 

56  "   X  72   ** 

66. 

7.9 

61.5 

7.41 

57. 

6.8 

60  -   X  72  *« 

75.6 

9. 

70.6 

8.5 

65.8 

7.8 

64  **    X  72  ♦• 

8.-). 

10. 

80.         9.6 

74. 

8.9 
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TABLE  24. 

SIZE  OF  AIB-PUMPS— SINGLE   ACTING. 

One  stroke  of  Pump  per  Rev.  of  Engine. 


SIZE  OF  PUMP. 

SINOLK  EXP. 

DOUBIiB  EXP. 

TRIPLE  EXP. 

BHOINE8. 

ENGINES. 

ENGINES.     - 

DIA. 

8TB0KB. 

DIA.  8TBOKX. 

DIA.  STROKE. 

DIA.  STROKE. 

20  in. 

x86in. 

15Kin 

.  X    8  in. 

15    in.  X    8  in. 

14>^  in.  X    8  in. 

22   - 

x86  *• 

15^  " 

xlO  ** 

16>4  •*   X   8  " 

16X  "   X    8  •* 

24   ** 

x42  •« 

17$  " 

xlO  ** 

17X  **   xlO  ** 

16>i  **   xlO  «* 

26   " 

x42  «• 

19>i  ** 

xlO  ** 

181^:  "   X  10  ** 

18      *•   xlO  •* 

28   " 

x48  " 

22^  - 

xlO  " 

21  >^  ««   xlO  *' 

20^  "   X  10  ** 

80  ** 

x48  *• 

21^  " 

xl2  " 

2Q)i  **   X  10  " 

22      "   X  10  •* 

82   " 

x54  *• 

24$  - 

xl2  ** 

24      *♦   xl2  ** 

28      **   xl2  «* 

84  " 

x54  ** 

26X  " 

xl2  «' 

25^  **   X  12  " 

24>i  «*   X  12  *» 

86  ** 

x60  " 

29X  " 

xl2  *• 

28X  "   X  12  *• 

27X  '*   X  12  " 

88  ** 

x60  •' 

81      «* 

xl2  *' 

80      »*   X  12  ** 

2S)(  •*   X  12  •* 

40  ** 

x66  " 

34^  - 

xl2  " 

83      **   xl2  ** 

81^  *•   xl2  *• 

44  *• 

x66  " 

88>i- 

xl5  " 

82>4  "   X  15  ** 

84^1^  *«   X  12  ** 

48   " 

x72  ** 

88      •• 

xl5  ** 

87      «*   X  15  *♦ 

35?^  *•   X  15  ** 

52  •• 

x72  *• 

41^  " 

xl5  ** 

40      "   xl5  •• 

88>^  *«   X  15  «* 

56   »• 

x72  •* 

44>i  •« 

xl5  *• 

43      *•   xl5  •• 

42      **   xl5  " 

60  •* 

x72  «• 

47^  - 

xl5  " 

46X  **   X  15  *' 

44;^    *   xl5  " 

64  " 

x72  •* 

51      " 

xl5  »* 

4Q}i  •*   X  15  " 

47      **   X  15  " 

MULTIPLE   CYLINDER  ENGINES. 

As  has  been  already  explained,  a  compound  engine  is 
one  in  which  the  steam  is  made  to  do  work  in  two  or 
more  cylinders,  and  the  secret  of  success  in  this  type  of 
engine  is  due  to  three  factors,  viz.,  (1)  a  high  initial 
pressure,  (2)  the  expansion  of  the  steam  to  the  greatest 
extent,  and  (3)  reducing  as  much  as  possible  the  losses 
caused  by  cylinder  condensation.  Prof.  Thurston  has 
wisely  said  that  **  Maximum  expansion,  as  nearly  adia- 
batic  as  practicable,  is  the  secret  of  maximum  efi&- 
ciencv." 
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HORIZONTAL — VERTICAL. 

Of  thfC  several  types  of  muLtiple  expansion  engines, 
the  two  cylinder  or  double  expansion  engine  appears  to 
be  best  adapted  to  central  power  station  service,  owing 
to  the  excessive  load  variation.  Figure  95  shows  the 
horizontal  vertical  type.  It  has  many  advantages,  es- 
pecially in  large  units.  1st,  the  low  pressure  cylinder 
can  be  arranged  vertically  and  thereby  avoid  the  exces- 
sive friction  due  to  the  weight  of  so  large  a  piston ;  2nd, 


Fig.  100.     Siphon  Condenser. 

the  cylinders  being  arranged  one  vertical  and  the  other 
horizontal  and  both  acting  upon  the  same  crank  pin, 
gives  four  impulses  for  each  revolution  of  the  crank. 
The  cut  represents  a  pair  of  such  engines  with  two 
cranks,  the  cranks  being  keyed  to  one  shaft  and  at  right 
angles  to  each  other  make  eight  impulses  for  each  revo- 
lution, a  still  greater  improvement  in  turning  effect. 
This  type  of  engine  is  particularly  valuable  in  electric 
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gen-erators,  with  the  armature  between  the  engines,  and 
makes  a  very  compact  and  d'csirable  arrangement. 

CROSS    COMPOUND. 

A  cross  compound  engine  consists  of  two  cylinders, 
one  high  pressure,  and  the  other  low  pressure.  Each 
cylinder  has  its  own  conneoting  rod  and  crank,  the 
cranks  being  set  at  opposite  ends  of  the  main  engine 
shaft,  and  at  an  angle  of  90°  to  each  other.  The  two 
cylind-ers  are  connected  by  piping,  and  there  is  generally 
a  receiver  between  them,  into  which  the  high  pressure 
cylinder  exhausts,  and  is  held  in  reserve  until  the  open- 
ing of  the  low  pressure  admission  valve.  Figure  96  shows 
a  cross  compound  engine,  the  receiver  being  underneath 
the  floor.  The  power  unit  shown  in  figure  95  may  be 
considered  as  consisting  of  two  cross  compound  engines. 

TANDEM   COMPOUND. 

In  the  tandem  compound,  the  two  cylinders  are  ar- 
ranged tandem  to  each  other,  as  shown  in  figure  97. 
The  advantage  claimed  for  this  type  of  compound  en- 
gine is  that  it  gives  a  much  shorter  and  more  direct 
route  for  the  exhaust  steam,  in  its  passage  from  the  high 
to  the  low  pressure  cylinders. 

Two  Low  Pressure  Cylinders.  Where  large  units  are 
required,  it  frequently  'happens  that  the  low  pressure 
cylinder  figures  beyond  the  capacity  of  the  station  for 
handling  the  work.  To  meet  this  limitation,  two  low 
pressure  cylindiers,  each  of  one-half  the  total  area,  may 
be  employed;  both  cylinders  being  connected  with  one 
receiver,  three  cranks  are  employed,  one  in  the  center  and 
one  on  each  end  of  same  shaft  and  keyed  at  120  degrees 
to  each  other. 
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TABLE  25. 

NUMBERS,  THEIR  SQUARE  ROOTS  AND  CUBE  ROOTS. 


b 

o 

Si 

U 

d 

Si 
8& 

U 

d 

l§ 

1^ 

d 

1^ 

i& 

& 

s& 

|5 

^ 

9  0 

^ 

8& 

IS 

^ 

ss 

8.16 

10. 

2.15 

4.24 

18. 

2.62 

5.10 

26. 

2.96 

6.88 

84. 

8.24 

8.19 

10.2 

2.16 

4.26 

18.2 

2.63 

5.12 

26.2 

2.96 

6.84 

84.2 

8.24 

8.22 

10.4 

2.18 

4.28 

18.4 

2.64 

6.14 

26.4 

2.97 

5.86 

84,4 

8.25 

8.25 

10.6 

2.19 

4.80 

18.6 

2.64 

6.16 

26.6 

2.98 

5.87 

84.6 

8.26 

8.28 

10.8 

2.20 

4.88 

18.8 

2.66 

6.18 

26.8 

2.99 

6.89 

84.8 

8.26 

8.81 

11. 

2.22 

4.85 

19. 

2.66 

5.19 

27. 

8.00 

6.91 

85. 

3.27 

8.84 

11.2 

2.24 

4.38 

19.2 

2.67 

5.21 

27.2 

8.01 

6.92 

85.2 

8.27 

8.87 

11.4 

2.25 

4.40 

19.4 

2.68 

5.28 

27.4 

8.01 

5.94 

86.4 

8.28 

8.40 

11.6 

2.27 

448 

19.6 

2.69 

5.26 

27.6 

8.02 

5.96 

85.6 

3.28 

8.48 

11.8 

2.28 

4.45 

19.8 

2.70 

5.27 

27.8 

8.03 

5.98 

a5.8 

8.29 

8.46 

12. 

2.29 

4.47 

20. 

2.71 

5.29 

28. 

8.08 

6.00 

86. 

8.80 

8.49 

12.2 

2.80 

4.50 

20.2 

2.72 

6.30 

28.2 

8.04 

6.01 

86.2 

8.30 

8  52 

12.4 

2.82 

4.52 

20.4 

2.72 

6.32 

28.4 

8.04 

6.08 

86.4 

8.81 

8.55 

12.6 

2.88 

4  54 

20.6 

2.78 

6.84 

28.6 

3.05 

6.04 

36.6 

8.82 

8.58 

12.8 

2.84 

4.56 

20.8 

2.74 

6.36 

28.8 

8.06 

6.06 

86.8 

3.82 

8.60 

18. 

2.35 

4.58 

21. 

2.75 

6.38 

29. 

8.07 

608 

87. 

8.38 

8.68 

18.2 

2.87 

4.60 

21.2 

2.76 

6.89 

29.2 

8.07 

6.09 

87.2 

8.83 

8.66 

18.4 

2.38 

4.68 

21.4 

2.77 

6.41 

29.4 

3.08 

6.11 

87.4 

3.34 

8.69 

18.6 

2.39 

4.65 

21.6 

2.78 

6.48 

29.6 

8.08 

6.12 

87.6 

3.84 

8.71 

18.8 

2.40 

4.67 

21.8 

2.79 

6.45 

29.8 

8.09 

6.14 

87,8 

8.35 

8.74 

14. 

2.41 

4.69 

22. 

2.80 

6.47 

80. 

8.10 

6.16 

88. 

8.86 

8.76 

14.2 

2.42 

4.71 

22.2 

2.80 

6.49 

80.2 

8.10 

6.17 

88.2 

8.87 

8.79 

14.4 

2.43 

4.73 

22.4 

2.81 

6.60 

80.4 

8.11 

6.19 

88.4 

3.87 

8.82 

14.6 

2.44 

4.75 

22.6 

2.82 

6.52 

80.6 

8.12 

6.20 

88.6 

8.88 

8.85 

14.8 

2.45 

4,77 

22.8 

2.83 

6.54 

80.8 

8.18 

6.22 

88.8 

8.88 

8.87 

15. 

2.46 

4.79 

23. 

2.84 

6.56 

81. 

8.14 

6.24 

89. 

8.89 

8.90 

15.2 

2.48 

4.81 

28.2 

2.84 

6.68 

81.2 

8.14 

6.26 

89.2 

8.89 

8.92 

15.4 

2.49 

4.88 

23.4 

2.85 

6.60 

81.4 

8.15 

6.27 

89.4 

8.40 

8.95 

15.6 

2.50 

4.86 

28.6 

2.86 

6.61 

81.6 

8.16 

6.28 

89.6 

8.41 

8.98 

15.8 

2.51 

4.87 

23.8 

2.87 

6.68 

81.8 

8.17 

6.80 

89.8 

8.41 

4.00 

16. 

2.52 

4.89 

24. 

2.88 

6.66 

82. 

8.17 

6.82 

40. 

8.42 

4.03 

16.2 

2,53 

4.9 

24.2 

2.88 

6.67 

82.2 

8.18 

6.88 

40.2 

8.42 

4.05 

16.4 

2.54 

4.92 

24.4 

2.89 

6.68 

82.4 

8.18 

685 

40.4 

8.48 

4.08 

16.6 

2.55 

4.95 

24.6 

2.90 

6.70 

82.6 

8.19 

6.36 

40.6 

8.43 

4.10 

16.8 

2.56 

4.97 

24.8 

2.91 

6.72 

82.8 

8.19 

6.88 

40.8 

3.44 

4.12 

17. 

2.57 

5.00 

25. 

2.92 

6.74 

88. 

8.20 

6.40 

41. 

8.46 

4.14 

17.2 

2.58 

5.02 

25.2 

2.92 

6.76 

88.2 

8.20 

6.41 

41.2 

8.46 

4.17 

17.4 

2.59 

5.04 

25.4 

2.98 

5.77 

88.4 

8.21 

6.48 

41.4 

8.46 

4.19 

17.6 

2.60 

5.06 

25.6 

2.94 

5,79 

38.6 

8.22 

6.46 

41.6 

8.46 

4.22 

17.8 

2.61 

5.08 

25.8 

2.95 

5.81 

88.8 

8.28 

6.46 

41.8 

8.47 
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TRIPLE  EXPANSION  ENGINE. 

In  the  triple  expansion  engine  the  steam  is  expanded 
successively  in  three  cylinders,  each  larger  in  diameter 
than  its  predecessor.  There  is  first  the  high  pressure 
cylinder,  second  the  intermediate  cylinder,  and  third  the 
low  pressure  cylinder,  from  which  the  steam  exhausts 
into  the  condenser.  Very  high  initial  pressure  (200  to 
225  lbs.  per  sq.  in.)  is  necessary  with  this  type  ot  engine, 
as  well  as  the  quadruple  expansion  engine  consisting  of 
four  cylinders,  in  order  to  get  good  eflSciency.  The  two 
latter  types  of  multiple  expansion  engines,  viz.,  the 
triple  and  quadruple  expansion  are  best  adapted  to 
pumping  station  work,  rather  than  to  the  high  speeds, 
and  variable  loads  of  the  central  power  station.  Owing 
to  present  day  limitations  on  boiler  pressure  the  most 
desirable  number  of  expansions  in  each  cylinder  of  the 
different  types. of  condensing  engines  should  be  about 
as  given  in  table  26. 


TABLE  26. 

NUMBER    OP   EXPANSIONS. 


TYPE. 

hi 

III 

l| 

■ZPAN8I0N8  IN 

■ACH  CTUNDIR. 

iHt. 

2nrt. 
4.6 

3.1 
2.65 

3rd. 

4tb. 

Single  expansions 
Double  expansions 
Triple  expansions 
Quadruple  expansions 

65 
145 
185 
265 

7 
22 
30 
48 

7. 

4.8 
3.2 
2.7 

3.0 
2.6 

2.55 
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LOAD  VARIATION. 

On«  of  the  worst  enemies  to  economy  in  the  use  of 
steam  is  a  continual  variation  in  load,  and  the  electric 
railway  may  be  classed  among  the  most  unfavorable  so 
far  as  fluctuations  in  load  is  considered. 

In  a  general  way  the  conditions  favorable  to  best 
economy  are: 

High  Pressure  Steam,  Superheated. 

Proper  Ratio  of  Cylinder  Areas. 

High  Piston  Speed. 

Low  Terminal  Pressure. 

Good  Vacuum,  27  or  28  inches. 

Uniform  Load  (if  possible). 

Long  Stroke. 

Steam  Jackets. 

Uniform  Boiler  Pressure. 

THE   STEAM    JACKET. 

Authorities  differ  as  to  the  advantages  derived  from 
the  steam  jacket  for  the  low  pressure  cylinder  of  a  com- 
pound engine.  There  is  no  doubt  that  in  the  case  of 
an  engine  furnishing  power  for  shop  purposes  during 
working  hours  only,  which  implies  that  the  service  is  not 
continuous,  or  rather  that  the  engine  is  in  service  only 
ten  or  twelve  hours  out  of  twenty-four,  the  steam  jacket 
is  of  great  benefit  in  keeping  the  cylinder  and  valve 
chest  warm,  and  thus  preventing  the  severe  strains  which 
would  result  from  the  contraction  and  expan^on  of  the 
metal.  The  weight  of  steam  per  indicated  horse  power 
per  hour  that  is  condensed  in  the  jacket  varies  from  1.7 
lb.  to  3.8  lb.,  the  average  being  about  2.3  lb. ;  while  the 
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econamy  of  the  thoroughly  steam- jacketed  cylinder  over 
the  jacketless  one  varies  from  3  lb.  to  as  high  as  7.9 
lb.  of  steam  per  I.  H.  P.  per  hour,  or  an  average  of  about 
four  lbs.  less  steam  consumed  per  H.  P.  II.  by  the  use  of 
the  jacket,  after  deducting  the  weight  of  steam  consumed 
in  the  jacket.  Judging  from  all  the  authorities  whom  the 
writer  has  been  able  to  consult,  and  also  from  his  own 
practical  experience  along  this  line,  it  seems  plain  that 
an  actual  saving  of  from  5  to  15  per  cent  in  the  eon- 
sumption  of  steam  can  be  effected  by  the  judicious  use 
of  the  steam  jacket.  In  other  words,  if  an  engine  with 
unjacketed  cylind-ers  consumes  steam  at  the  rate  of  20 
lbs.,  per  H.  P.  H.  the  same  engine  with  its  cylinders 
jacketed  would  develop  the  same  amount  of  power  with 
a  consumption  of  only  16  lbs.  or  17  lbs,  per  H.  P.  H. 
besides  the  advantage  of  having  the  cylinders  always 
warm  and  ready  for  operation. 

Figure  101  shows  a  general  view  of  the  engine  room 
of  the  recently  erected  central  station  of  the  Pacific 
Light  and  Power  Ck).  at  Redondo,  California.  The  fol- 
lowing brief  description  of  the  engine  plant  is  condensed 
from  the  November,  1908,  issue  of  Power: 

There  are  three  Mcintosh  &  Seymour  compound  con- 
densing engines,  each  unit  comprising  one  vertical  and 
one  horizontal  cylinder  and  the  same  arrangement  of 
low-pressure  cylinders.  As  usual  with  this  make,  a  su- 
perheating receiver  is  provided  between  the  high-pres- 
sure and  low-pressure  cylinder  of  each  unit,  superheated 
steam  being  supplied  to  the  heating  coils  at  boiler  pres- 
sure. The  condensation  from  these  coils  is  almost  as 
hot  as  the  water  in  the  boilers.  The  engines  are  34  and 
70  inches  bore  by  56  inches  stroke,  and  are  equipped 
with  the  standard  Mcintosh  &  Seymour  gridiron  valves 


294 


POWER  STATIONS 


1 


I 


3 


o 
6 


a 
o 


STEiAM  ENGINES  295 

and  valve  gear,  except  that  the  governor,  which  is  also 
the  standard  type  used  by  the  builders,  controls  the 
point  of  cutoff  through  auxiliary'  valves  on  both  high- 
pressure  and  low-pressure  cylinders,  the  main  admission 
valves  having  fixed  travel.  The  governor  is  equipped 
with  a  delaying  dash  pot  for  facilitating  parallel  opera- 
tion. The  dash  pot  retards  the  governor  weights  for  a 
small  fraction  of  a  second,  thereby  preventing  any  o^ 
cillation  of  two  or  more  units  from  becoming  amplified. 

Each  engine  is  also  fitted  with  an  electrically  operated 
speed-changing  mechanism  applied  to  the  governor ;  this 
is  operated  by  a  small  motor  which  is  controlled  from 
the  switchboard  gallery.  This  arrangement  allows  the 
engine  to  be  speeded  up  or  down  four  or  five  revolutions 
while  running,  to  bring  the  generator  into  synchronism, 
and  is  also  used  to  divide  the  load  between  engines. 

Metallic  packing  is  used  on  all  piston  rods  and  valve 
rods.  The  engine  cylinders*  are  supplied  with  oil  by 
force-feed  oil  pumps. 

Previous  to  acceptance  of  the  plant  a  demonstration 
was  made  which  showed  that  a  unit  could  be  successfully 
operated  with  one,  two  or  three  of  the  four  cylinders; 
also  with  one  end  of  any  cylindier  out  of  commission. 

The  main  engine  bearings  and  guides  are  provided 
with  water  jackets  for  cooling,  and  fresh  water  is  cir- 
culated through  the  jackets  by  small  pump®.  The  dis- 
charge water  from  the  jackets  is  cooled  by  means  of  a 
small  surface  condenser ;  the  fresh  water  for  cooling  the 
bearings  flows  within  the  tubes  and  salt  water  is  circu- 
lated around  the  tubes,  being  taken  from  condenadng- 
water  suction  mains. 
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The  plant  contains  six  Wheeler  ** Admiralty"  surface 
condensers,  one  being  connected  directly  to  each  lew- 
pressure  cylinder  of  each  main  eng*ine.    Each  condenser 


Fig.   102.     Comparison  of  Space  Occupied  by  same  KiKowatU  of  Engine 
and  Turbine  Unit. 

contains  5,200  square  feet  of  cooling  surface;  the  tubes 
are  of  brass,  %  inch  outside  diameter,  with  walls  No. 
18  B.  W.  G.  in  thickness.     In  addition  to  the  regular 
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cooling  surface  of  each  condenser,  there  is  provided  in 
the  upper  compartment  a  series  of  tubes  comprisin;? 
what  is  termed  a  Volz  heater.  After  being  discharged 
from  the  air  pump  tihe  condensed  water  passes  through 
this  heater  under  atmospheric  pressure  and  is  heated  to 
within  a  few  degrees  of  the  temperature  of  the  exhaust 
steam  surrounding  the  heater  tubes.  The  make-up  water 
is  also  brought  in  at  this  point,  securing  the  benefit  of 
heat  which  would  otherwise  be  wasted. 

The  provision  of  two  condensers  on  each  unit,  with 
cross-connected  exhaust  passages,  is  a  convenient  fea- 
ture. Should  it  become  necessary  for  one  condenser  to 
be  cut  out  of  service,  the  exhaust  steam  from  both  low- 
pressure  cylinders  may  be  led  to  the  remaining  con- 
denser, making  non-condensing  operation  unnecessary^ 
except  for  a  failure  of  circulating  water,  or  the  break- 
down of  both  condenser®  at  one  time.  Actual  operation 
shows  but  a  slight  falling  off  in  vacuum  due  to  this 
doubling  of  the  load  on  one  condenser.  Eliminating  air 
leaks  in  exhaust  pipes  and  minimizing  the  loss  of  vacuum 
due  to  pipe  turns  has  been  given  very  careful  considersr 
tion  in  all  its  details,  the  vacuum  joints  being  as  care- 
fully made  as  in  high-pressur'e  steam  pipin-g.  In  regular 
operation  with  ample  water  at  70  degrees  Faiirenheit  a 
vacuum  of  from  28,  to  28^2  inches  is  easily  maintained. 

Bach  condenser  is  provided  with  an  Edwards  triplex 
suction  valveless  air  pump,  motor  driven.  Each  air 
pump  discharges  into  a  vertical  stand  pipe  to  eliminate 
entrained  air,  after  which  the  water  subsequently  used 
as  boiler  feed  passes  through  the  Volz  heater  in  the 
upper  portion  of  the  condenser  shell,  as  previously  men- 
tioned. Each  of  the  Edwards  pumps  has  cylinders  16 
inches  in  diameter  with  10  inches  stroke.    The  condensed 
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steam  and  non-condensable  vapors  flow  continuously  by 
gravity  from  the  condenser  to  the  base  of  the  pump  and 
are  removed  by  the  conical  bucket  or  piston  peculiar  to 
this  pimip.  The  pump  is  driven  by  a  25-horsepower 
General  Electric  induction  motor  mounted  on  an  ex- 
tended base  and  geared  to  the  pump  through  a  rawhide 
pinion;  only  one-fifth  of  the  rated  power  of  the  motor 
is  required  during  normal  conditions  of  load.  The  mo- 
tors receive  current  from  the  generator  of  the  unit  to 
which  they  belong ;  consequently,  the  air  pumps  start  up 
gradually  and  automatically  with  the  main  engine. 

A  siphon  system  of  suction  and  discharge  pipes  for 
circulating  water  was"  adopted  by  reason  of  the  location 
of  plant,  the  use  of  a  conduit  or  canal  system  being 
impossible.  There  are  two  50-inch  suction  mains  and 
one  discharge  line  of  the  same  size,  supported  on  a  pile 
wharf  carried  out  to  deep  water  at  low  tide.  The  suction 
pipes  are  primed  by  means  of  a  large  motor-driven 
vacuum  pump  operating  through  a  40-foot  standpipe, 
which  prevents  the  carrying  of  water  into  the  vacuum- 
pump  cylinders.  When  once  started,  suction  is  main- 
tained by  three  engine-driven  centrifugal  circulating 
pumps,  located  in  the  pump  pit,  there  being  one  pump 
for  each  unit.  Each  pirnip  has  separate  connections  tc 
both  suction  lines  and  all  pumps  discharge  into  a  com- 
mon supply  main  having  inlet  connections  to  all  con- 
densers; all  condenser  outlets  are  connected  to  one  re- 
turn main.  The  flexibility  of  this  arrangement  is  ap- 
parent. Any  pump  may  be  used  to  supply  any  set  of 
condensers ;  although  when  two  or  more  pumps  are  run- 
ning, their  operation  is  necessarily  in  parallel.  The  reg- 
ulation of  relative  amounts  of  water  through  various 
condensers  is  accomplished  by  the  condenser  discharge 
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valves;  the  engines  are  speeded  up  or  down,  and  the 
number  of  engines  in  service  is  increased  or  decreased 
as  load  conditions  require. 

Each  of  the  circulating  pumps  has  a  20-inch  discharge, 
and  two  15-inch  suctions.  Each  pump  is  provid-ed  with 
en  out  board  bearing  of  the  ring  oiling  type,  and  the 
prunp  and  bearing  are  mounted  on  an  extension  of  the 
engine  base.  Direct  connected  to  each  pump  there  is  a 
9X171/^X12  Harrisburg  tandem  compound  non-con- 
densing piston  valve  engine.  The  limiting  speed  of  the 
engine  is  controlled  by  a  throttling  governor,  but  an 
adjustable  eccentric  is  provided  for  adjusting  the  point 
of  cut-off  to  obtain  maximum  economy. 

The  Interborough  Railway  plant  in  New  York  fur- 
nishes some  interesting  details  regarding  the  equipment 
of  a  modern  power  station,  in  that  it  is  supplied  with 
both  reciprocating  steam  engines,  and  steam  turbines. 
Figure  103  is  presented  merely  as  a  comparison  of  the 
amount  of  space  occupied  by  power  units  of  the  above 
mentioned  types,  having  equal  capacity. 

The  Interborough  plants  in  New  York  are  botih  large. 
Fig.  103  shows  the  set  of  5000  K.  W.,  11,000  volts,  263 
ampere,  25  cycle,  3  phase  alternators  run  by  7,500  H.  P. 
marine  tyipe  engines  at  75  revolutions  per  minute.  These 
are  in  the  59th  Street  plant.  The  same  type  of  genera- 
tor is  installed  in  the  74th  Street  plant. 


ENGINE    OPERATION. 

In  treating  upon  the  operation  of  steam  engines,  con- 
siderable space  will  first  be  devoted  to  the  use  of  the 
indicator,  as  applied  to  reciprocating  engines,  owing  to 
the  fact  that  it  is  practically  impossible  to  properly  ad- 
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just  the  valves  of  an  en-gine  without  the  use  of  th« 
indicator  as  a  guide  that  will  accurately  portray  the 
action  of  the  valves  when  under  steam. 


Fig.  103. 


Set  of  5,000  K.  W.  Engine  Alternators,  Interboroiieli  Plant, 
New   York. 


THE  INDICATOR. 

One  of  the  greatest  aids  to  the  economical  operation 
of  the  steam  engine  is  the  indicator,  and  it  is  the  privi- 
lege of  every  engineer  to  have  at  least  an  elementary-, 
if  not  a  thorough,  knowledge  of  its  principles  and  work- 
ing. The  time  devoted  to  the  study  of  the  indicator, 
and  in  its  application  to  the  engine,  is  time  well  spent, 
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and  in  the  end  will  well  repay  tlie  student  of  steam 
engineering. 

Inventor.  The  indicator  was  invented  and  first  ap- 
plied to  the  steam  engine  by  James  Watt,  whose  restless 
genius  was  not  sa(tisfied  with  a  mere  outside  view  of  his 
engine  as  it  was  running,  but  he  desired  to  know  more 
about  the  action  of  the  steam  in  the  cylinder,  its  pressure 
at  different  portions  of  the  stroke,  the  laws  governing 
its  expansion  after  being  cut  off,  etc.  Watt's  indicator, 
although  crude  in  its  design  and  construction,  contained 
embodied  within  it  all  of  the  principles  of  the  modern  in- 
strument. 

Principles,     These  principles  are: 

First.  The  pressure  of  the  steam  in  the  engine  cylin- 
der throughout  an  entire  revolution,  against  a  small 
piston  in  the  cylinder  of  the  indicator,  which  in  turn 
is  controlled  or  resisted  in  its  movement  by  a  spring 
of  known  tension,  so  as  to  confine  the  stroke  of  the  indi- 
cator piston  within  a  certain  small  limit. 

Second.  The  stroke  of  the  indicator  piston  is  com- 
municated by  a  multiplying  mechanism  of  levers  and 
parallel  motion  to  a  pencil  moving  in  a  straight  line. 
The  distance  through  which  the  pencil  moves  being  gov- 
erned by  the  pressure  in  the  engine  cylinder  and  the  ten- 
sion of  the  spring. 

Third.  By  the  intervention  of  a  reducing  mechanism 
and  a  strong  cord,  the  motion  of  the  piston  of  the  engine 
throughout  an  entire  revolution  is  communicated  to  a 
small  drum'  attached  to  and  forming  a  part  of  the 
indicator.  The  movement  of  the  drum  is  rotative  and 
in  a  direction  at  right  angles  to  the  movement  of  the 
pencil.  The  forward  stroke  of  the  engine  piston  causes 
the  drum  to  rotate  through  part  of  a  revolution  and  at 
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the  same  time  a  clock  spring  connected  within  the  drum 
is  wound  up.  On  the  return  stroke  the  motion  of  the 
drum  is  reversed  and  the  tension  of  the  spring  returns 
the  drum  to  its  original  position  and  also  keeps  the  cord 
taut. 

To  the  outside  of  the  drum  a  piece  of  blank  paper  of 
suitable  size  is  attached  and  held  in  place  by  two  clips. 
Upon  this  paper  the  pencil  in  its  motion  up  and  down 
traces  a  complete  diagram  of  the  pressures  and  other 
interesting  events-  transpiring  within  the  engine  cylinder 
during  the  revolution  of  the  engine.  In  fact  the  dia- 
gram traced  upon  the  paper  is  the  compound  result  ci 
two  concurrent  movements.  First,  that  of  the  pencil 
caused  by  the  pressure  of  the  steam  against  the  ind.eat.::* 
piston;  second,  that  of  the  paper  drum  caused  by,  an  J 
coincident  with,  the  motion  of  the  engine  piston.  The 
upper  end  of  the  indicator  cylinder  is  always  open  to 
the  atmosphere,  the  steam  acting  only  upon  the  under- 
side of  the  small  piston,  and  when  the  cock  connecting 
the  cylindiers  of  the  engine  and  indicator  is  closed,  both 
ends  of  the  indicator  cylinder  are  open  to  atmospheric 
pressure,  and  the  pencil  then  stands  at  its  neutral  posi- 
tion. If  now  the  pencil  is  held  against  the  paper  and 
the  drum  rotated  either  by  h-and  or  by  connecting  it 
with  the  cord,  a  horizontal  line  will  be  traced.  This 
line  is  called  the  atmospheric  line,  meaning  the  line  of 
atmospheric  pressure,  and  it  is  a  very  important  factor 
in  the  study  of  the  diagram. 

If  the  engine  is  a  non-condensing  engine  the  pencil 
in  tracing  the  diagram  will,  or  at  least  should,  not  fall 
below  the  atmospheric  line  at  any  point,  but  will  on 
the  return  stroke  trace  a  line  called  the  line  of  back 
pressure  at  a  distance  more  or  less  above  the  atmospheric 
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line  and  very  nearly  parallel  with  it.  If  the  engine  is 
a  condensing  engine  the  pencil  will  drop  below  the  at- 
mospheric line  while  tracing  the  line  of  back  pressure  on 
the  diagram,  and  the  distance  this  line  is  below  the 
atmospheric  line  will  depend  upon  the  number  of  inches 
of  vacuum  in  the  condenser. 

As  before  stated,  the  length  of  stroke  of  the  indicator 
piston,  and  the  pencil  movement  as  well  is  controlled  by 
a  spiral  steel  spring  which  acts  in  resistance  to  the  pres- 
sure of  the  steam.  These  springs  are  made  of  different 
tensions  in  order  to  be  suitable  to  different  steam  pres- 
sures and  speeds,  and  are  numbered  20,  40,  60,  etc.,  the 
number  meaning  that  a  pressure  per  square  inch  in  the 
engine  cylinder  corresponding  to  the  number  on  the 
spring  will  cause  a  vertical  movement  of  the  pencil 
through  a  distance  of  one  inch.  Thus,  if  a  number  20 
spring  is  used  and  the  pressure  in  the  cylinder  at  the 
conMnencement  of  the  stroke  is  20  lbs.  per  square  inch, 
the  pencil  will  be  raised  one  inch,  or  if  the  pressure  is 
30  lbs.,  the  pencil  will  travel  l^/^  in.,  and  if  there  is  a 
vacuum  of  20  in.  in  the  condenser,  the  pencil  will  drop 
l^  in.  below  the  atmospheric  line  for  the  reason  that  20 
in.  of  vacuum  corresponds  to  a  pressure  of  about  10  lbs. 
less  than  atmospheric  pressure  or  an  absolute  pressure 
of  about  4  lbs.  If  a  60  spring  is  used  a  pressure  of  60 
lbs.  in  the  engine  cylinder  will  be  required  to  raise  the 
pencil  one  inch,  or  90  lbs.  to  raise  it  ly^  in. 

The  2\shcroft  Manufacturing  Co.  of  New  York,  mak- 
ers of  the  well  known  Tabor  indicator,  have  recently 
introduced  a  new  feature  in  indicator  work  by  connect- 
ing the  spring  on  top  of  the  cylinder  and  in  plain  view 
of  the  operator.  This  arrangement  removes  the  spring 
from  the  influence  of  direct  contact  with  the  steam,  and 
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it  is  subject  only  to  the  temperature  of  the  surrounding 
atmosphere.  It  is  claimed  that  as  a  result  of  this  the 
accuracy  of  the  spring  is  insured,  and  that  no  allowance 


Fig.    104.     Improved   Tabor    Indicator   wiUi    OuUide   Connected    Sprlnf 
Ashcroft   Mfg.    Co.,    N.    Y. 

need  to  be  made  in  its  manufacture  for  expansion  caused 
by  the  high  temperature  to  which  it  is  subject  when 
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located  within  the  cylinder.  Another  good  feature  of 
this  desdgn  is,  that  the  spring  can  be  easily  removed 
without  disconnecting  any  one  part  of  the  instrument 
in  case  it  is  desired  to  change  springs.  A  cut  of  the 
improved  instrument  is  herewith  presented.  See  figure 
104. 

Pig.  104a  is  a  sectional  view  of  the  American  Thomp- 
son improved  indicator.  Fig.  105  shows  the  spring. 
Fig.  106  is  a  three  way  cock  for  attaching  the  indicator 
to  the  cylinder. 


Fig.    104a. 


Pig.  105. 


Reducing  Mechanism.  Probably  the  only  practically 
universal  mechanism  for  reducing  the  motion  of  the 
crosshead  is  the  reducing  wheel,  a  device  in  which,  by 
the  employment  of  gears  and  pulleys  of  different  diame- 
ters, the  motion  is  reduced  to  within  the  compass  of  the 
drum,  and  the  device  is  applicable  to  almost  any  make  of 
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engine,  whether  of  high  or  low  speed.  Some  makers  of 
indicators  attach  the  reducing  wheel  directly  to  the  indi- 
cator, thus  producing  a  neat  and  very  convenient  ar- 
rangement. Fig.  108  shows  the  indicator  complete  with 
reducing  wheel  attached. 

One  of  the  most  accurate  and  easily  applied  devices 
for  reducing  th-e  motion  of  the  piston  is  the  wooden  pen- 
dulum in  its  various  forms.  (See  Figs.  109,  110  and 
111.)  It  coAsists  of  a  flat  strip  of  pine  or  other  light 
wood  of  a  length  not  less  than  one  and  a  half  times  the 
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Fig.   106. 


Crosby 

Indicator 

Spring 

Fig.   107. 


stroke  of  the  engine,  and  if  made  longer  it  will  be  bet- 
ter. It  should  be  from  %  to  %  in.  thick  and  have  an 
average  width  of  about  4  in.  If  the  engine  to  be  indi- 
cated is  horizontal  the  bar  or  pendulum  is  to  be  pivoted 
at  a  fixed  point  directly  above  and  in  line  with  the  side 
of  the  cros&head,  as  that  is  generally  the  most  convenient 
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iwint  of  attachment.  The  pivot  can  be  fixed  to  a  perma- 
nent standard  bolted  to  the  frame  of  the  engine  (Fig. 
112),  or  it  may  be  secured  to  the  ceiling  of  the  room  or 
even  to  a  post  fastened  to  the  floor.  If  the  engine  is  ver- 
tical the  bar  can  be  pivoted  to  the  wall  of  the  room  op  a 
strong  post  firmly  secured  to  the  floor.  The  connection 
with  the  crosshead  is  best  accomplished  by  means  of  a 


Fig.  108. 

short  bar  or  link.  A  convenient  length  for  this  bar  is 
one-half  the  stroke  of  the  engine.  To  locate  the  correct 
point  for  the  pivot,  assuming  the  length  of  the  short  bar 
to  be  one-half  the  length  of  the  stroke,  proceed  as  fol- 
lows: 

Place  the  engine  on  the  center  with  the  crosshead  at 
the  end  of  the  stroke  towards  the  crank.    Then  having 
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previously  bored  a  hole  for  the  pivot  in  one  end  of  the 
pendulum  bar  and  in  the  other  end  a  hole  for  connect- 
ing with  the  link,  suspend  the  pendulum  by  a  temporary 
pin,  as  a  large  wood  screw,  directly  above  and  in  line 
with  the  stud  or  bolt  hole  which  has  previously  been 
tapped  into  the  crosshead  at  any  convenient  point.   The 


Fig.    109. 

pendulum  should  be  temporarily  suspended  at  such  a 
height  that  when  it  hangs  perpendicular  the  hole  in  its 
lower  end  will  line  up  accurately  with  the  hole  or  stud 
in  the  crosshead.  Now  swing  the  pendulum  in  either  di- 
rection a  distance  equal  to  the  length  of  the  link  (one- 
half  the  stroke  of  the  engine)  from  the  crosshead  con- 
nection and  note  the  distance  that  the  bottom  hole  is 
above  a  straight  erlge  laid  horizontal  and  in  line  with  the 
center  of  the  stud  in  the  crosshead.    This  will  give  the 
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total  vibration  of  th€  free  end  of  the  link  from  a  line 
parallel  with  the  line  of  the  engine  and  the  permanent 
location  of  the  pivot  should  be  one-half  of  this  distance 
below  the  temporary  point  of  suspension.  This  will  al- 
low the  link  to  vibrate  equally  above  and  below  the  cen- 
ter of  its  connection  with  the  crosshead.  Fig.  113  shows 
a  complete  connection  of  this  character. 


Pig.  110. 


Sometimes  the  end  is  slotted  and  thus  directly  con- 
nected to  the  stud  in  the  crosshead,  dispensing  with  the 
link.  In  this  case  it  is  necessary  to  locate  the  pivot  at 
a  point  perpendicular  to  the  center  of  travel  of  the  stud 
in  the  crosshead.  (See  Fig.  109.)  The  link  connection 
is  to  be  preferred,  however.  The  cord  can  be  attached  to 
the  pendulum  at  a  point  near  the  pivot  which  will  give 
the  desired  length  of  diagram.  This  point  can  be  deter- 
mined by  multiplying  the  length  of  the  pendulum  by  the 
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desired  length  of  diagram  and  dividing  the  product  by 
the  stroke.  For  convenience  these  terms  should  be  ex- 
pressed in  inches.  Thus,  assume  stroke  of  engine  to  be 
48  in.,  length  of  pendulum  V/^  times  length  of  stroke  = 
72  in.  Desired  length  of  diagram  3  in.  Then  72  X  3 
-i- 48  =  4.5  in.,  which  is  the  distance  from  center  of 


Fig.   111. 


pivot  to  point  of  connection  for  the  cord.  This  can  be 
either  a  small  hole  bored  through  the  pendulum  or  a 
wood  screw  to  which  the  cord  can  be  attached.  From 
this  point  the  cord  should  be  led  over  a  guide  pulley  lo- 
cated at  such  height  that  when  the  pendulum  is  vertical 
the  cord  will  leave  it  at  right  angles.  After  leaving  the 
guide  pulley  the. cord  can  be  carried  at  any  angle  de- 
sired. 
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Pir  112. 


Fig.  118. 
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The  Brumbo  Pulley.  Another  method  of  connecting 
the  cord  to  the  pendulum  is  to  run  the  cord  over  a 
grooved  segment,  called  a  Brumbo  pulley,  connected 
with  the  pivoted  end  of  the  pendulum  (Fig.  114),  but 
with  this  arrangement,  owing  to  the  curved  travel  of  the 
pendulmn,  there  is  greater  liability  to  distortion  of  the 


Fig.  114. 


diagram  than  in  the  first  method.  In  case  it  is  desired 
to  use  the  Brumbo  pulley,  the  radius  of  the  segment  can 
be  found  by  the  same  process  as  that  used  for  finding 
the  point  for  connecting  the  cord  directly  to  the  pendu- 
lum. 

One  of  the  neatest  and  most  easily  applied  devices  for 
reducing  the  motion  of  the  crosshead  is  the  pantograph. 
(See  Fig.  115.)  No  dimensions  are  essential  except  that 
it  shall  be  made  reasonably  strong  (rf  some  light,  tough 
variety  of  wood,  and  that  the  pins  and  holes  be  nicely 
fitted  to  each  other  so  that  while  the  movement  may  be 
free,  there  shall  at  the  same  time  not  be  too  much  lost  mo- 
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tion.  The  pantograph  should  be  of  such  capacity  that  it 
will  just  close  up  nicely  when  the  engine  is  at  mid  stroke 
and  open  out  nicely  when  at  its  extreme  travel.  The  two 
ends,  C  and  D,  are  each  to  be  fitted  with  a  pin  extend- 
ing through  far  enough  so  that  pin  C  can  be  hooked  into 
a  hole  or  socket  on  the  crosshead,  while  pin  D  rests  in  a 
socket  in  the  top  of  a  post  secured  to  the  floor  at  a  point 
opposite  the  center  of  travel  of  the  crosshead  and  of 


Pig.  115. 


such  height  as  will  allow  the  pantograph  to  lie  in  a  hori- 
zontal position.  Also  the  distance  of  the  post  from  the 
guides  must  be  adjusted  so  as  to  allow  the  device  to  close 
up  at  mid  stroke  and  open  out  at  full  stroke  without  any 
straining  of  the  parts.  Th-e  point  F  of  connection  for 
the  cord  will  always  have  a  motion  parallel  with,  and 
simultaneous  with,  that  of  the  crosshead;  the  pin  to 
which  the  cord  is  attached  can  be  set  in  any  one  of  the 
holes  that  will  give  the  desired  length  for  the  diagram. 
The  motion  given  by  this  device  is  accurate,  although  it 
may  become  necessary  in  some  cases,  especially  with  long 
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stroke  engines,  to  introduce  a  guide  pulley  to  carry  the 
cord  from  the  pantograph. 

Attaching  the  Indicator.  The  cylinders  of  most  en- 
gines at  the  present  time  are  drilled  and  tapped  for  indi- 
cator connections  before  they  leave  the  shop,  which  is 


Fig.  116.     Crosby  Reducing  Wheel. 


eminently  proper,  as  no  engine  builder,  or  purchaser 
either,  should  be  satisfied  with  the  performance  of  a  new 
engine  until  after  it  has  been  accurately  tested  and  ad-  • 
justed  with  the  indicator. 
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The  main  requirements  in  these  connections  are  that 
the  holes  must  not  be  drilled  near  the  bottom  of  the 
cylinder  where  water  is  likely  to  find  its  way  into  the 
pipes,  neither  should  they  be  in  a  location  where  the  in- 
rush of  steam  from  the  ports  will  strike  them  directly, 
nor  where  the  edge  of  the  piston  is  liable  to  partly  cover 
them  when  at  its  extreme  travel.  An  engineer  before 
he  undiertakes  to  indicate  an  engine  should  satisfy  him- 
self that  all  these  requirements  are  fulfilled.  Otherwise 
he  is  not  likely  to  obtain  a  true  diagram.  The  cock  sup- 
plied with  the  indicator  is  threaded  for  one-half  inch 
pipe  and  unless  the  engme  has  a  very  long  stroke  it  is 
the  practice  to  bring  the  two  end  connections  together  at 
the  side  or  top  of  the  cylinder  and  at  or  near  the  mid^ 
die  of  its  length,  where  they  can  be  connected  to  a  three 
way  cock.  The  pipe  connections  should  be  as  short  and 
as  free  from  elbows  as  possible  in  order  that  the  steam 
may  strike  the  indicator  piston  as  nearly  as  possible  at 
the  same  moment  that  it  acts  upon  the  engine  piston. 

The  work  of  taking  diagrams  is  very,  much  simplified 
by  having  both  ends  of  the  cylinder  connected  to  one 
common  tee,  or  a  three  way  cock  as  above  described,  but 
for  long  stroke  engines  there  should  be  two  indicators, 
one  for  each  end  and  the  diagrams  should  be  taken  simul- 
taneously if  it  is  desired  to  adjust  the  valves  by  the  indi- 
cator. In  this  case  an  assistant  would  be  required  to  ma- 
nipulate one  of  the  instruments. 

The  pipes  should  always  be  thoroughly  blown  out,  by 
allowing  the  steam  to  blow  through  the  open  cock  during 
several  revolutions  of  the  engine,  before  connecting  the 
indicator.  If  this  is  not  done  there  is  a  moral  certainty 
that  grit  and  dirt  will  get  into  the  cylinder  of  the  indi- 
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cater,  where  the  presence  of  the  least  atom  of  grit  will 
cause  the  delicate  instrument  to  work  badly. 

Selecting  a  Spring.  The  proper  number  of  spring  to 
use  depends  upon  the  boiler  pressure  in  the  case  of  an 
automatic  cut  off  engine,  but  for  an  engine  with  a  fixed 
cut  off  and  throttling  governor  the  number  of  the  spring 
to  be  selected  will  depend  upon  the  initial  pressure  in  the 
cylinder.  A  convenient  rule  is  to  select  a  spring  num- 
bered one-half  as  high  as  the  pressure ;  for  instance,  if 
the  boiler  pressure  is  80  lbs.,  use  a  No.  40  spring,  which 
will  give  a  diagram  2  in.  in  height. 

Care  of  the  Instrument.  The  indicator  should  be 
cleaned  and  oiled  both  before  and  after  using.  The  best 
material  for  wiping  it  is  a  clean  piece  of  old  soft  muslin 
of  fine  texture,  as  there  is  not  so  much  liability  of  lint 
sticking  to,  or  getting  into  the  small  joints.  Use  good 
clock  oil  for  the  joints  and  (springs,  and  before  taking 
diagrams  it  is  a  good  practice  to  rub  a  snMill  portion  of 
cylinder  oil  on  the  piston  and  the  inside  of  the  cylinder, 
but  when  about  to  put  the  instrument  away  these  should 
be  oiled  with  clock  oil  also.  None  but  the  best  cord 
should  be  used  for  connecting  the  paper  drum  with  the 
reducing  motion,  as  a  cord  that  is  liable  to  stretch  will 
cause  trouble.  Suitable  cord  and  also  blank  diagrams 
can  generally  be  secured  from  firms  manufactiu-ing,  and 
selling  indicators.  After  the  indicator  has  been  screwed 
on  to  the  cock  connecting  with  the  pipe,  the  cord  must 
be  adjusted  to  the  proper  length  before  hooking  it  on 
to  the  drum.  This  must  be  done  while  the  engine  is  run- 
ning, by  taking  hold  of  the  loop  on  the  cord  connected 
with  the  reducing  motion  with  one  hand,  and  with  the 
other  hand  grasp  the  hook  on  the  short  cord  attached  to 
the  drum,  then  by  holding  the  two  ends  near  each  other 
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during  a  revolution  or  two  it  will  be  seen  whether  th« 
long  cord  needs  to  be  shortened  or  lengthened. 

The  length  of  the  diagram  is  determined  by  the  point 
of  connection  of  the  cord  to  the  pendulum  as  has  been 
heretofore  explained.  Care  should  be  exercised  in  plac- 
ing the  paper  on  the  drum  to  see  that  it  is  stretched 
tight  and  firmly  held  by  the  clips.  The  pencil  point  hav- 
ing been  first  sharpened  by  rubbing  it  on  a  piece  of  fine 
emery  cloth  or  sand  paper  should  be  adjusted  by  means 
of  the  pencil  stop  with  which  all  indicators  should  be 
provided,  so  that  it  will  have  just  sufficient  bearing 
against  the  paper  to  make  a  fine,  plain  mark.  If  the  pen- 
cil bears  too  hard  on  the  paper  it  will  cause  unneces- 
sary friction  and  the  diagram  will  be  distorted.  The 
best  method  of  ascertaining  this  fact  and  also  whether 
the  travel  of  the  drum  is  equally  divided  between  the 
stops,  is  to  place  a  blank  diagram  on  the  drum,  connect 
the  cord  and  while  the  engine  makes  a  revolution  hold 
the  pencil  against  the  paper.  Then  unhook  the  cord, 
remove  the  paper  and  if  the  travel  of  the  drum  is  not 
divided  correctly  it  can  be  changed. 

Having  thus  arranged  all  the  preliminary  details, 
place  a  fresh  blank  on  the  drum,  being  careful  to  keep 
the  pencil  out  of  contact  with  it,  connect  the  cord,  open 
the  cock  admitting  steam  to  the  indicator  and  after  the 
pencil  has  made  a  few  strokes  to  allow  the  cylinder  to  be- 
come warmed  up,  then  gently  swing  it  around  to  the 
paper  drum  and  hold  it  there  while  the  engine  makes  a 
complete  revolution.  Then  move  the  pencil  clear  of  the 
paper,  close  the  cock  and  unhook  the  cord.  Now  trace 
the  atmospheric  line  by  holding  the  pencil  against  the 
paper  while  the  drum  is  revolved  by  hand.  This  method 
of  tracing  the  atmospheric  line  is  preferable  to  that  of 
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tracing  it  immediately  after  closing  the  cock  and  while 
the  drum  is  still  being  moved  by  the  engine,  for  the 
reason  that  there  is  not  so  much  liability  of  getting  the 
atmospheric  line  too  high  owing  to  the  presence  of  a 
slight  pressure  of  steam  remaining  under  the  indicator 
piston  for  a  second  or  two  just  after  closing  the  cock; 
also  the  line  drawn  by  hand  will  be  longer  than  one 
drawn  while  the  drum  is  moved  by  the  motion  of  the  en- 
gine and  will  therefore  be  more  readily  distinguished 
from  the  line  of  back  pressure. 

Having  secured  a  truthful  diagram,  it  now  remains 
to  take  as  many  as  are  desired,  and  if  the  object  is  to  set 
the  valves  of  the  engine,  the  diagrams  from  each  end  of 
the  cylinder  should  follow  each  other  as  quickly  as  pos- 
sible in  order  that  the  conditions  of  load  and  steam 
pressure  may  be  the  same.  When  the  indicator  is  con- 
nected so  that  diagrams  can  be  taken  from  both  ends 
without  changing  it,  the  above  conditions  can  generally 
be  realized.  But  if  diagrams  can  only  be  taken  from 
one  end  at  a  time,  the  only  way  to  arrive  at  correct  con- 
clusions in  relation  to  the  adjustment  of  the  valves  will 
be  to  see  that  the  boiler  pressure  is  practically  the  same 
at  the  time  of  taking  diagrams  from  either  end  and  that 
the  position  of  the  governor  is  also  the  same,  assuming 
that  the  load  on  the  engine  is  practically  "constant.  This 
applies  of  course  to  an  automatic  cut  off. 

As  soon  as  the  diagrams  are  taken  the  following  data 
should  be  noted  upon  them:  The  end  of  the  cylinder, 
whether  head  or  crank;  boiler  pressure;  and  time  when 
taken.  Other  data  can  be  added  afterwards.  If  the  en- 
gine is  an  automatic  cut  off  of  the  Corliss  type  and  the 
point  of  cut  off  on  one  end  does  not  coincide  with  the 
other,  the  difference  can  generally  be  adjusted  while  the 
engine  is  running  by  changing  the  length  of  the  rods 
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extending  from  the  governor  to  the  tripping  device. 
These  rods  are,  or  should  be,  fitted  with  right  and  left 
threads  on  the  ends  for  this  purpose.  Any  changes  in 
the  valves,  such  as  giving  them  more  lead,  compression, 
etc.,  and  which  necessitates  changing  the  length  of  the 
reach  rods  connecting  them  with  the  wrist  plate,  will 
have  to  be  made  while  the  engine  is  stopped,  although 
with  slow  speed  engines  and  the  exercise  of  caution  it  is 
possible  to  make  alterations  in  these  rods  while  the  en- 
gine is  running. 

Dlvgram  analysis.  In  order  to  facilitate  the  study 
and  analysis  of  indicator  diagrams,  the  following  defini- 
tions of  technical  terms,  some  of  which  have  already 
been  explained  in  another  part  of  this  book,  are  here 
given. 

Absolute  pressure.  Pressure  reckoned  from  a  perfect 
vacuum.  It  equals  the  boiler  pressure  plus  the  atmos- 
pheric pressure. 

Boiler  pressure  or  gauge  pressure.  Pressure  above  the 
atmospheric  pressure  as  shown  by  the  steam  gauge. 

lyiitial  pressure.  Pressure  in  the  cylinder  at  the  be- 
ginning of  the  stroke. 

Terminal  pressure  {T.  P.).  The  pressure  that  would 
exist  in  the  cylinder  at  the  end  of  the  stroke  provided 
the  exhaust  valve  did  not  open  until  the  stroke  was  en- 
tirely completed.  It  may  be  graphically  illustrated  on 
the  diagram  by  extending,  the  expansion  curve  by  hand 
to  the  end  of  the  stroke.  It  is  found  theoretically  by  di- 
viding the  pressure  at  point  of  cut  off  by  the  ratio  of 
expansion.  Thus,  absolute  pressure  at  cut  off  =  100  lbs., 
ratio  of  expansion  =  5;  then  100 -f- 5  =  20  lbs.,  abso- 
lute terminal  pressure. 

Mean   effective  pressure    (M.  E.  P.),    The   average 
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pressure  acting  upon  the  piston  throughout  the  stroke 
minus  the  back  pressure. 

Back  pressure.  Pressure  which  tends  to  retard  the 
forward  stroke  of  the  piston.  Indicated  on  the  diagram 
from  a  non-condensing  engine  by  the  height  of  the  back 
pressure  line  above  the  atmospheric  line.  In  a  condens- 
ing engine  the  degree  of  back  pressure  is  shown  by  the 
height  of  the  back  pressure  line  above  an  imaginary  line 
representing  the  pressure  in  the  condenser  corresponding 
to  the  degree  of  vacuum  in  inches,  as  shown  by  the  va^ 
cumn  gauge. 

Total  or  absolute  back  pressure,  in  either  a  condensing 
or  non-condensing  engine,  is  that  indicated  on  the  dia- 
gram by  the  height  of  the  line  of  back  pressure  above  the 
line  of  perfect  vacuum. 

Ratio  of  expansion.  The  proportion  that  the  volume 
of  steam  in  the  cylinder  at  point  of  release  bears  to  the 
volume  at  cut  off.  Thus,  if  the  point  of  cut  off  is  at  one- 
fifth  of  the  stroke,  and  release  does  not  take  place  until 
the  end  of  the  stroke,  the  ratio  of  expansion',  or  in  other 
words,  the  number  of  expansions,  is  5.  When  the  T.  P. 
is  known  the  ratio  of  expansion  may  be  found  by  di- 
viding the  initial  pressure  by  the  T.  P. 

Wire  drawing.  When  through  insufficiency  of  valve 
opening,  contracted  ports,  or  throttling  governor,  the 
steam  is  prevented  from  following  up  the  piston  at  full 
initial  pressure  until  the  point  of  cut  off  is  reached,  it 
is  said  to  be  wire  drawn.  It  is  indicated  on  the  dia- 
gram by  a  gradual  inclination  downwards  of  the  steam 
line  from  the  admission  line  to  the  point  of  cut  off.  Too 
small  a  steam  pipe  from  boiler  to  engine  will  also  cause 
wire  drawing  and  fall  of  pressure. 

Condenser  pressure  may  be  defined  as  the  pressure  ex- 
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isting  in  the  condenser  of  an  engine,  caused  by  the  lack 
of  a  perfect  vacuum.  As,  for  instance,  with  a  vacuum 
of  25  in.  there  will  still  remain  the  pressure  due  to  the 
5  in.  which  is  lacking.    This  will  be  about  2.5  lbs. 

Vacuum.  That  condition  existing  within  a  closed  ves- 
sel from  which  all  matter,  including  air,  has  been  ex- 
pelled. It  is  measured  by  inches  in  a  column  of  mercury 
contained  within  a  glass  tube  a  little  over  30  in.  in 
height,  having  its  lower  end  open  and  immersed  in  a 
small  open  vessel  filled  with  mercury.  The  upper  end 
of  the  glass  tube  is  connected  with  the  vessel  in  which 
the  vacuum  is  to  be  produced.  When  no  vacuum  exists 
the  mercury  will  leave  the  tube  and  fill  the  lower  vessel. 
When  a  vacuum  is  maintained  in  the  condenser,  or  other 
vessel,  the  mercury  will  rise  in  the  glass  tube  to  a  height 
corresponding  to  the  degree  of  vacuum.  If  the  mercury 
rises  to  the  height  of  30  in.  it  indicates  a  perfect  vacuum, 
which  means  the  absence  of  all  pressure  within  the  ves- 
sel, but  this  condition  is  never  realized  in  practice;  the 
nearest  approach  to  it  being  about  28  in. 

For  purposes  of  convenience  the  mercurial  vacuum 
gauge  is  not  generally  used,  it  having  been  replaced  by 
the  Bourdon  spring  gauge,  although  the  mercury  gauge 
38  used  for  testing. 

The  vacuum  in  a  condenser  is  generally  maintained 
by  an  air  pump,  although  it  can  be  produced  and  main- 
tained by  the  mere  condensation  of  the  steam  as  it  enters 
the  condenser  by  allowing  a  spray  of  cold  water  to  strike 
it.  The  steam  when  it  first  enters  the  condenser  drives 
out  the  air  and  the  vessel  is  filled  with  steam  which, 
when  condensed,  occupies  about  1,600  times  less  space 
than  it  did  before  being  condensed,  hence  a  partial  va- 
cuum is  prodaiced. 
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While  the  vacuum  in  a  condenser  cannot  be  considered 
as  power  at  all,  yet  it  occupies  the  anomalous  position  of 
increasing,  by  its  presence,  the  capacity  of  the  engine 
for  doing  work.  This  is  owing  to  the  faet  that  the  at- 
mospheric pressure  or  resistance  which  is  always  ahead 
of  the  piston  in  a  non-condensing  engine  is,  in  the  case 
of  a  condensing  engine,  removed  to  a  degree  correspond- 
ing to  the  height  of  the  vacuum,  thus  making  available 
just  so  much  more  of  the  pressure  behind  the  piston. 
Thus,  if  the  average  steam  pressure  throughout  the 
stroke  is  30  lbs.  and  there  is  a  vacuum  of  26  in.  main- 
tained in  the  condenser,  there  will  be  13  lbs.  of  resis- 
tance per  square  inch  removed  from  in  front  of  the  pis- 
ton, thus  making  available  30  +  13  =  43  lbs.  pressure 
per  square  inch. 

Absolute  zero  has  been  fixed  by  calculation  at  461.2® 
below  the  zero  of  the  Fahrenheit  scale. 

Piston  displacement.  The  space  or  volume  swept 
through  by  the  piston  in  a  single  stroke.  Pound  by  mul- 
tiplying the  area  of  piston  by  length  of  stroke. 

Piston  clearance.  The  distance  between  the  piston 
and  cylinder  head  when  the  piston  is  at  the  end  of  the 
stroke. 

Steam  clearance,  ordinarily  termed  clearance.  The 
space  between  the  piston  at  the  end  of  the  stroke  and 
the  valve  face.  It  is  reckoned  in  per  cent  of  the  total 
piston  displacement. 

Horse  power  {H.  P.).  33,000  pounds  raised  one  foot 
high  in  one  minute  of  time. 

Indicated  horse  power  (/.  H.  P,).  The  horse  power  as 
shown  by  the  indicator  diagram.    It  is  found  as  follows : 

Area  of  piston  in  square  inches  X  M.  E.  P.  X  piston 
speed  in  feet -t- 33,000. 
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Piston  speed.  The  distance  in  feet  traveled  by  the 
piston  in  one  minute.  It  is  the  product  of  twice  the 
length  of  stroke  expressed  in  feet  multiplied  by  the  num- 
ber of  revolutions  per  minute. 

R.  P.  M,    Revolutions  per  minute. 

Net  horse  power.  I.  H.  P.  minus  the  friction  of  the 
engine. 

Compression.  The  action  of  the  piston  as  it  nears  the 
end  of  the  stroke,  in  reducing  the  volume  and  raising 
the  pressure  of  the  steam  retained  in  the  cylinder  ahead 
of  the  piston  by  the  closing  of  the  exhaust  valve. 

Boyle's  or  Mariotte's  law  of  expanding  gases.  **The 
pressure  of  a  gas  at  a  constant  temperature  varies  in- 
versely as  the  space  it  occupies. ' '  Thus,  if  a  given  vol- 
ume of  gas  is  confined  at  a  pressure  of  50  lbs.  per  square 
inch  and  it  is  allowed  to  expand  to  twice  its  volume,  the 
pressure  will  fall  to  25  lbs.  per  square  inch. 

Adiabatic  curve.  A  curve  representing  the  expansion 
of  a  gas  which  loses  no  heat  while  expanding.  Some- 
times called  the  curve  of  no  transmission. 

Isothermal  curve.  A  curve  representing  the  expan- 
sion of  a  gas  having  a  constant  temperature,  but  par- 
tially influenced  by  moisture,  causing  a  variation  in 
pressure  according  to  the  degree  of  moisture  or  satura- 
tion.   It  is  also  called  the  theoretical  expansion  curve. 

Expansion  curve.  The  curve  traced  upon  the  dia- 
gram by  the  indicator  pencil  showing  the  actual  expan- 
sion of  the  steam  in  th«  cylinder. 

First  law  of  thermodynamics.  Heat  and  mechanical 
energy  are  mutually  convertible. 

Power.  The  rate  of  doing  work,  or  the  number  of 
foot  pounds  exerted  in  a  given  time. 
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Unit  of  work,  Th€  foot  pound,  or  the  raiBing  of  one 
pound  weight  one  foot  high. 

First  law  of  motion.  All  bodies  continue  either  in  a 
state  of  rest  or  of  uniform  motion  in  a  straight  line,  ex- 
cept in  so  far  as  they  may  be  compelled  by  impressed 
forces  to  change  that  state. 

Work.  Mechanical  force  or  pressure  cannot  be  con- 
sidered as  work  unless  it  is  exerted  upon  a  body  and 
causes  that  body  to  move  through  space.  The  product  of 
the  pressure  multiplied  by  the  distance  passed  through 
and  the  time  thus  occupied  is  work. 

Momentum.  Force  possessed  by  bodies  in  motion,  or 
the  product  of  mass  and  density. 

Dynamics.  The  science  of  moving  powers  or  of  mat- 
ter in  motion,  or  of  the  motion  of  bodies  that  mutually 
act  upon  each  other. 

Force.  That  which  alters  the  motion  of  a  body,  or 
puts  in  motion  a  body  that  was  at  rest. 

Maximum  theoretical  duty  of  steam  is  the  product  of 
the  mechanical  equivalent  of  heat,  viz.,  778  ft.  lbs.  mul- 
tiplied by  the  total  heat  units  in  a  pound  of  steam. 
Thus,  in  one  pound  of  steam  at  212**  reckoned  from 
32°  the  total  heat  equals  1,146.6  heat  units.  Then 
778  X  1,146.6  equals  892,054.8  ft.  lbs.  =  maximum  duty. 

Steam  efficiency  may  be  expressed  as  follows: 

Heat  converted  into  useful  work        ,         .  '      , 

f=^ — T T-j and  maxmium  efficiency 

Heat  expended  "^ 

can  only  be  attained  by  using  steam  at  as  high  an 
initial  pressure  as  is  consistent  with  safety  and  at  as 
large  a  ratio  of  expansion  as  possible.  The  percentage 
of  efficiency  of  steam  used  at  atmospheric  pressure  in  a 
non-expansive  engine  is  very  low;  as,  for  instanee,  the 
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heat  expended  in  the  evaporation  of  one  pound  of  water 

at  32®  into  steam  at  atmospheric  pressure  =  1,146.6  heat 

units,  and  the  volume  of  steam  so  generated  =  26.36 

cu.  ft. 

One  cubic  foot  of  steam  at  212®  contains  energy  equal 

to  144X14.7  =  2,116.8   ft.  lbs.,   and  26.36  cu.   ft.= 

2,116.8X26.36  =  55,798.84  ft.  lbs.,  which  divided  by 

the  mechanical  equivalent  of  heat,  viz.,  778  ft.  lbs.=  71.72 

heat  undta,  availaible  for  useful  work.    The  per  cent  of 

71 72  X  100 
eflSoiency  therefore  is — '  ^.^^ — =6.28  per  cent.  But 

suppose  the  initial  pressure  to  have  been  200  lbs.  abso- 
lute, and  that  the  steam  is  allowed  to  expand  to  thirty 
times  its  original  volume.  The  heat  expended  in  evapo- 
rating a  pound  of  water  at  32®  into  steam  at  200  lbs. 
absolute  pressure  =  1,198.3  heat  unitsi,  and  the  volume 
of  steam  so  generated  =  2.27  cu.  ft.  The  average  pres- 
sure during  expansion  would  be  29.34  lbs.  per  square 
inch  and  the  volume  when  expanded  thirty  times  would 
equal  2.27  X  30  =  68.1  cu.  ft. 

One  cubic  foot  of  steam  at  29.34  lbs.  pressure  equals 
144X29.34  =  4,224.96  ft.  lbs.,  and  68.1  cu.  ft.  will 
equal  4,224.96x68.1  =  287,719.7  ft.  lbs.  of  energy, 
which  divided  by  the  equivalent,  778,  equals  370.2  heat 

370  2  V  100 
units,  and  the  per  cent  of  eflSciency  will  be — i-^^  o — 

l,l"o.o 

=  30.8  per  cent. 

Engine  efficiency.  If  the  engine  is  considered  merely 
as  a  machine  for  converting  into  useful  work  the  heat 
energy  in  the  steam  regardless  of  the  cost  of  fuel,  its 
efficiency  may  be  expressed  as  follows : 

Heat  converted  into  useful  work 
Total  heat  received  in  the  steam 


326  POWER  STATIONS 

Example.  Assume  an  engine  to  be  receiving  steam  at 
95  lbs.  absolute  pressure,  that  the  consumption  of  dry 
steam  per  horse  power  per  hour  equals  20  lbs.,  that  the 
friction  of  the  engine  amounts  to  15  per  cent,  and  that 
the  temperature  of  the  feed  water  is  raised  from  60°  to 
170°  by  utilizing  a  portion  of  the  exhaust. 

In  a  pound  of  steam  at  9-5  lbs.  absolute  there  are 
1,180.7  heat  units,  and  in  a  pound  of  water  at  170°  there 
are  138.6  units  of  heat,  but  28.01  of  these  heat  units 
were  in  the  water  at  its  initial  temperature  of  60°.  There- 
fore the  total  heat  added  to  the  water  by  the  exhaust 
stejun  equals  138.6  —  28.01  =  110.59  heat  units,  and  the 
total  heat  in  each  pound  of  steam  to  be  charged  up  to 
the  engine  is  1,180.7  — 110.59  =  1,070.11,  and  the  total 
for  each  horse  power  developed  per  hour  will  be  1,070.11 
X  20  =  21,402.2  heat  units. 

A  horse  power  equals  33,000  ft.  lbs.  per  minute,  or 
sixty  times  33,000  =  1,980,000  ft.  lbs.  per  hour.  From 
this  must  be  deducted  15  per  cent  for  friction  of  the  en- 
gine leaving  1,683,000  ft.  lbs.  for  useful  work.  Dividing 
this  by  the  equivalent,  viz.,  778  ft.  lbs.,  gives  2,163.2  heat 
units  as  the  heat  converted  into  one  honsx?  power  of  work 
in  one  hour,  and  the  percentage  of  efficiency  of  the  en- 

...  ,     2.163.2X100       ^^^ 
gine  will  be  — ^-  409^ —  ^^  ^^-^  P^^  ^^°^- 

Efficiency  of  the  plant  as  a  whole  includes  boiler  and 
engine  efficiency  and  is  to  be  figured  upon  the  basis  of 
TTeat  converted  into  useful  work 
Calorific  or  heat  value  of  fuel 
Ilorsc  power  constant  of  an  engine  is  found  by  multi- 
plying the  area  of  the  piston  in  square  inches  by  the 
^piH'd  of  the  pLston  in  feet  per  minute  and  dividing  the 
product  by  33,000.     It  is  the  power  the  engine  would 
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develop  with  one  pound  mean  eflfeetive  pressure.  To 
find  the  horse  power  of  the  engine,  multiply  the  M.  E.  P. 
of  the  diagram  by  this  constant. 

Logarithms.  A  series  of  numbers  having  a  certain  re- 
lation to  the  series  of  natural  numbers,  by  means  of 
which  many  arithmetical  operations  are  made  compara- 
tively ea^.  The  nature  of  the  relation  will  be  under- 
stood by  considerin^g  two  simple  series,  such  as  the  fol- 
lowing, one  proceeding  from  unity  in  geometrical  pro- 
gression and  the  other  from  0  in  arithmetical  progres- 
sion : 

Geom.  series,  1,  2,  4,  8,  16,  32,  64,  128,  256,  512,  etc. 

Arith.  series,  0,  1,  2,  3,  4,  5,  6,  7,  8,  9,  etc. 

Here  the  ratio  of  the  geometrical  series  is  2  and  any 
term  in  the  arithmetical  series  expresses  how  often  2  has 
been  multiplied  into  1  to  produce  the  corresponding 
term  of  the  geometrical  series.  Thus,  in  proceeding  from 
1  to  32  there  have  been  5  stex)s  or  multiplications  by  the 
ratio  2;  in  other  words,  the  ratio  of  32  to  1  is  com- 
pounded 5  times  of  the  ratio  of  2  to  1.  The  above  is  the 
basic  principle  upon  which  common  logarithms  are  com- 
puted. 

Hyperbolic  logarithms.  Used  in  figuring  the  M.  E.  P. 
of  a  diagram  from  the  ratio  of  expansion  and  the  ini- 
tial pressure.  Thus,  hyperbolic  logarithm  of  ratio  of  ex- 
pansion + 1  multiplied  by  absolute  initial  pressure  and 
divided  by  ratio  of  expansion  =  mean  forward  pressure. 
From  this  deduct  total  back  pressure  and  the  remainder 
will  be  mean  effective  pressure.  The  hyperbolic  loga- 
rithm is  found  by  multiplying  the  common  logarithm  by 
the  constant  2.332585.  Table  27  gives  the  hyperbolic  log- 
arithms of  numbers  usually  required  in  calculations  of 
the  above  nature. 
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Table  27. 

HTPEBBOLIC  LOOARITHIIS. 


No. 

Log. 

No. 

Log. 

No. 

Log.   . 

No. 

Log. 

1.01 

0.0099 

8.10 

1.1341 

5.20 

1.6486 

7.80 

1.9879 

1.05 

0.0487 

8.15 

1.1474 

6.25 

1.6582 

7.85 

1.9947 

1.10 

0.0958 

8.20 

1.1681 

6.80 

1.6677 

7.40 

2.0015 

1.16 

0.1897 

8.25 

1.1786 

6.35 

1.6771 

7.45 

2.0018 

1.20 

0.1828 

880 

1.1989 

6.40 

1.6864 

7.50 

2.0149 

1.25 

0.2281 

8.85 

1.2090 

6.45 

1.6956 

7.55 

2.0215 

1.80 

0.2628 

8  40 

1.2288 

6.50 

1.7047 

7.60 

2.0281 

1.85 

0.8001 

8.45 

1.2884 

5.55 

1.7188 

7.65 

2.0847 

1.40 

0.8864 

8.50 

1.2527 

5.60 

1.7228 

7.70 

2.0412 

1.45 

0.8715 

8.55 

1.2669 

6.65 

1.7816 

7.75 

2.0477 

1.60 

0.4054 

3.60 

1.2809 

6.70 

1.7405 

7.80 

2.0541 

1.55 

0.4882 

8.65 

1.2947 

5.75 

1.7491 

7.85 

2.0605 

1.60 

0.4700 

8.70 

1.8088 

5.80 

1.7578 

7.90 

2.0668 

1.65 

0.5007 

8.75 

1.8217 

6.85 

1.7664 

7.95 

2.0781 

1.70 

0.5806 

8.80 

1.8350 

5.90 

1.7760 

8.00 

2.0794 

1.75 

0.5596 

8.85 

13480 

5.95 

1.7884 

8.05 

2.0857 

1.80 

0.5877 

8.90 

1.8610 

6.00 

1.7918 

8.10 

2.0918 

1.85 

0.6151 

8.95 

1.8787 

6.05 

1.8000 

8.15 

2.0988 

1.90 

0.6418 

4.00 

1.8863 

6.10 

1.8088 

8.20 

2.1041 

1.^ 

0.6678 

4.05 

1.8987 

6.15 

1.8164 

8.25 

2.1102 

2.00 

0.6981 

4.10 

1.4010 

6.20 

1.8245 

8.30 

2.1162 

2.05 

0.7178 

4.15 

1.4281 

6.25 

1.8826 

8.85 

2.1222 

2.10 

0.7419 

4.20 

1.4851 

6.30 

1.8405 

8.40 

2.1282 

2.15 

0.7654 

4.25 

1.4469 

6.86 

1.8484 

8.45 

2.1842 

2.20 

0.7885 

4.80 

1.4586 

6.40 

1.8563 

8.50 

2.1400 

2.25 

0.8110 

4.35 

1.4701 

6.45 

1.8640 

8.55 

2.1469 

2.30 

0.8829 

4.40 

1.4816 

6.60 

1.8718 

8.60 

2.1618 

2.85 

0.8544 

4.45 

1.4929 

6.56 

1.8795 

8.65 

2.1676 

2.40 

0.8755 

4.50 

1.6040 

6.60 

1.8870 

8.70 

2.1688 

2.45 

0.8961 

4.55 

1.5151 

6.65 

1.8946 

8.76 

2.1690 

2.50 

0.9168 

4.60 

1.6260 

6.70 

1.9021 

8.80 

2.1747 

2.65 

0.9861 

4.65 

1.6869 

6.75 

1.9095 

8.85 

2.1804 

2.60 

0.9555 

4.70 

1.5475 

6.80 

1.9169 

8.90 

2.1860 

2.65 

0.9746 

4.75 

1.5581 

6.85 

1.9242 

8.95 

2.1916 

2.70 

0.9982 

4.80 

1.5686 

6.90 

1.9815 

9.00 

2.1972 

2.75 

1.0116 

4.85 

1.5790 

6.95 

1.9387 

9.05 

2.2028 

2.80 

1.0296 

4.90 

1.5892 

7.00 

1.9459 

9.10 

2.2088 

2.85 

1.0478 

4.95 

1.5994 

7.05 

1.9530 

9.15 

2.2137 

2.90 

1.0647 

5.00 

1.6094 

7.10 

1.9600 

9.20 

2.2192 

2.95 

1.0818 

5.05 

1.6194 

7.15 

1.9671 

9.25 

2.2246 

8.00 

1.0986 

5.10 

1.6292 

7.20 

1.9740 

9.80 

2.2310 

8.05 

1.1151 

6.15 

1.6390 

7.25 

1.9810 

9.85 

2.2854 

STEAM  ENGINES 

TABLE  27— Continued. 
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No. 

Log. 

No. 

Log. 

No. 

Log. 

No. 

Log. 

9.40 

3.2407 

9.80 

2.2824 

11.00 

2.8979 

19.00 

2.9444 

9.45 

2.2460 

9.85 

2.2876 

12.00 

2.4849 

20.00 

2.9957 

9.50 

2.2518 

9.90 

2.2925 

18.00 

2.5626 

21.00 

8.0446 

9.55 

2.2565 

9.95 

2.2976 

14.00 

2.6890 

22.00 

8.0910 

9.60 

2.2618 

10.00 

2.8026 

15.00 

2.7108 

28.00 

8.0855 

9.66 

2.2670 

10.25 

2.3278 

16.00 

2.7751 

24.00 

8.1780 

9.70 

2.2721 

10.50 

2.8514 

17.00 

2.8882 

25.00 

8.2189 

9.76 

2.2778 

10.75 

2.8749 

18.00 

2.8908 

80.00 

8.8782 

Steam  consumption  per  horse  power  per  hour.  The 
weight  in  poundB  of  steam  exhausted  into  the  atmosphere 
or  into  the  condenser  in  one  hour  divided  by  the  horse 
power  developed.  It  is  determined  from  the  diagram 
by  selecting  a  point  in  the  expansion  curve  just  previous 
to  the  opening  of  the  exhaust  valve  and  measuring  the 
absolute  pressure  ait  that  point.  Then  the  piston  dis- 
placement up  to  the  point  selected,  plus  the  clearance 
space,  expressed  in  cubic  feet,  will  give  the  volume  of 
steam  in  the  cylinder,  which  multiplied  by  the  weight 
per  cubic  foot  of  steam  at  the  pressure  as  measured  will 
give  the  weight  of  steam  consumed  during  one  stroke. 
From  this  should  be  deducted  the  steam  saved  by  com- 
pression as  shown  by  the  diagram,  in  order  to  get  a  true 
measure  of  the  economy  of  the  engine.  Having  thus  de- 
termined the  weight  of  steam  consumed  for  one  stroke, 
multiply  it  by  twice  the  number  of  strokes  per  minute 
and  by  60,  which  will  give  the  total  weight  consumed 
per  hour.  This  divided  by  the  horse  power  will  give  the 
rate  per  horse  power  per  hour. 

Cylinder  condensation  and  re-evaporation.  When  the 
exhaust  valve  opens  to  permit  the  exit  of  the  steam  there 
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is  a  perceptible  cooling  of  the  walls  of  the  cylinder,  espe- 
cially in  condensing  engines  when  a  high  vacuum  is 
maintained.  This  results  in  more  or  less  condensation  of 
the  live  steam  admitted  by  the  opening  of  the  steam 
valve ;  but  if  the  exhaust  valve  is  caused  to  close  at  the 
proper  time  so  as  to  retain  a  portion  of  the  steam  to  be 
ccmpressed  by  the  piston  on  the  return  stroke,  a  consid- 
erable portion  of  the  water  caused  by  condensation  will 
be  re-evaporated  into  steam  by  the  heat  and  consequent 
rise  in  pressure  caused  by  compression. 

Ordinatcs,  Parallel  lines  drawn  at  equal  distances 
apart  across  the  face  of  the  diagram,  and  perpendicular 
to  the  atmospheric  line.  They  serve  as  a  guide  to  facili- 
tate the  measurement  of  the  average  forward  pressure 
throughout  the  stroke,  or  the  pressure  at  any  point  of 
the  stroke  if  desired. 

Eccentric,  A  mechanical  device  used  in  place  of  a 
crank  for  converting  rotary  into  reciprocating  motion. 
An  eccentric  is  in  fact  a  form  of  crank  in  which  the 
crank  pin,  corresponding  to  the  eccentric  sheave,  em- 
braces the  shaft,  but  owing  to  the  great  leverage  at  which 
the  friction  between  the  sheave  and  the  strap  acts,  com- 
pared with  its  short  turning  leverage,  it  can  only  be  used 
to  advantage  for  the  purpose  named  above. 

Eccentric  throw  is  the  distance  from  the  center  of  the 
eoeentric  to  the  center  of  the  shaft.  This  definition  also 
applies  to  the  term  ** radius  of  eccentricity.*' 

Eccentric  position.  The  location  of  the  highest  point 
of  the  eccentric  relative  to  the  center  of  the  crank  pin, 
nioa.sured  or  expressed  in  degrees. 

Angular  advance.  The  distance  that  the  high  point 
of  the  eccentric  is  set  ahead  of  a  line  at  right  angles 
with  the  crank.    In  other  words,  the  lap  angle  plus  the 
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lead  angle.  If  a  valve  had  neither  lap  nor  lead,  the 
position  of  the  high  point  of  the  eccentric  would  be  on  a 
line  at  right  angles  with  the  crank;  as  for  instance,  the 
crank  being  at  0°  the  eccentric  would  stand  at  90°. 

Valve  travel.  The  distance  covered  by  the  valve  in  its 
movement.  It  equals  twice  the  throw  of  the  eccentric. 
This  refers  to  engines  having  a  fixed  cut  oflf.  In  the  case 
of  an  engine  with  a  variable  automatic  cut  off  the  travel 
of  the  cut  off  valve  is  regulated  by  the  governor. 

Lap,  The  amount  that  the  ends  of  the  valve  project 
over  the  edges  of  the  ports  when  the  valve  is  at  mid 
travel. 

Outside  or  steam  lap.  The  amount  that  the  end  of  the 
valve  overlaps  or  projects  over  the  outside  edge  of  the 
steam  port. 

Inside  lap.  The  lap  of  the  ineidfe  or  exhaust  edge  of 
the  valve  over  the  inside  edge  of  the  port. 

Lead.  The  amount  that  the  port  is  open  when  the 
crank  is  on  the  dead  center.  The  object  of  giving  a 
valve  lead  is  to  supply  a  cushion  of  live  steam  which,  in 
conjunction  with  that  already  confined  in  the  clearance 
space  by  compression,  shall  serve  to  bring  the  moving 
parts  of  the  engine  to  rest  quietly  at  the  end  of  the 
stroke,  and  also  quicken  the  action  of  the  piston  in  be- 
ginning the  return  stroke. 

Compression.  Closing  of  the  exhaust  passage  before 
the  steam  is  entirely  exhausted  from  the  cylinder.  A  cer- 
tain quantity  of  steam  is  thus  compressed  into  the  clear- 
ance space. 

Throttling  governor.  Used  to  regulate  the  speed  of 
engines  having  a  fixed  cut  off.  The  governor  controls 
the  position  of  a  valve  in  the  steam  pipe,  opening  or 
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closing  it  according  as  the  engine  needs  more  or  less 
steam  in  order  to  maintain  a  regular  speed 

Automatic  or  variable  cut  off.  In  engines  of  this  type 
the  full  boiler  pressure  is  constantly  in  the  valve  chest 
and  the  speed  of  the  engine  is  regula;ted  by  the  governor 
controlling  the  point  of  cut  off,  causing  it  to  take  place 
earlier  or  later  according  as  the  load  on  the  engine  is 
lighter  or  heavier. 

Fixed  cut  off.  This  term  is  applied  to  engines  in 
which  the  point  of  cut  off  remains  the  same  regardless  of 
the  load,  the  speed  being  regulated  by  a  throttling  gover- 
nor as  explained  above. 

Isochronal  or  shaft  governor.  This  device  in  which 
the  centrifugal  and  centripetal  forces  are  utilized,  as 
in  the  fly  ball  governor,  is  generally  applied  to  auto- 
matic cut  off  engines  having  reciprocating  or  slide 
valves.  It  is  attached  to  the  crank  shaft  and  its  function 
is  to  change  the  position  of  the  eccentric,  which  is  free 
to  move  across  the  shaft  within  certain  prescribed  limits, 
but  is  at  the  same  time  attached  to  the  governor.  The 
angular  advance  of  the  eccentric  is  thus  increased  or  di- 
minished, in  fact  is  entirely  under  the  control  of  the  gov- 
ernor, and  cut  off  occurs  earlier  or  later  according  to  the 
demands  of  the  load  on  the  engine. 

Adjustable  cut  off.  One  in  which  the  point  of  cut  off 
may  be  regulated  or  adjusted  by  hand  by  means  of  a 
hand  wheel  and  screw  attached  to  the  valve  stem,  the 
supply  of  steam  being  regulated  by  a  throttling  gover- 
nor. 
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In  the  following  study  of  indicator  diagrams  all  the 
illustrations  are  reproductions  of  actual  diagrams  taken 
under  ordinary  working  conditions.  Figs.  117  and  118 
are  here  introduced  in  order  to  define  the  different 
points,  lines  and  curves.  Fig.  117  was  taken  from  a 
large  vertical  engine  with  the  Corliss  valve  motion. 


Pig.  117. 

The  engine  being  of  slow  speed  and  extremely  long 
stroke  (10  ft.)  with  a  clearance  of  but  1  per  cent,  the 
compression  beginning  at  C  and  ending  at  B  is  some- 
what lighter  than  is  ordinarily  given  to  shorter  stroke  en- 
gines. From  B  to  D  is  the  admission  line,  which  being 
practically  perpendicular  to  the  atmospheric  line  A, 
shows  suflScient  lead  and  ample  port  area.  From  D  to  E 
is  the  steam  line.  Cut  oflf  occurs  at  E,  and  from  E  to  F 
is  the  expansion  curve.  At  F  the  point  of  release  is 
quite  sharply  defined,  as  it  should  be.  From  F  to  G  is 
the  exhaust  line,  and  from  G  to  C  the  line  of  back  pres- 
sure, sometimes  called  the  line  of  counter  pressure  for 
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the  reason  that  the  pressure  indicated  by  it  acts  counter 
or  in  opposition  to  the  forward  pressure  of  the  steam  on 
the  piston.  This  engine  is  a  simple  condensing  engine 
and  the  nearness  of  the  back  pressure  line  to  the  line  of 
perfect  vacuum  V  shows  that  an  excellent  vacuum  was 
maintained  in  the  condenser. 


Pig.   118. 

Fig.  118  is  from  a  Buckeye  automatic  cut  oflf  engine 
having  a  shaft  governor  and  what  is  termed  a  riding  cut 
off,  that  is  the  cut  oflf  valve  slides  to  and  fro  on  the  back 
of  the  main  valve.  The  engine  is  horizontal  non-con- 
densing, the  cylinder  being  28  in.  bore  by  56  in.  stroke, 
and,  at  the  time  the  diagram  was  taken,  developed  357.58 
horse  power  with  a  piston  speed  of  728  ft.  per  minute. 
The  steam  consumption  per  I.  H.  P.  per  hour  was  26 
lbs.,  a  rather  high  rate,  but  this  was  owing  to  the  fact 
that  the  engine  was  located  too  far  from  the  boilers,  and 
as  there  were  a  large  number  of  elbows  in  the  steam  pipe 
the  pressure  was  greatly  reduced  at  the  engine.  Thus 
wire  drawing  of  the  steam  was  caused,  which  is  plainly 
indicated  by  the  downward  inclination  of  the  steam  liu -. 
DE. 
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In  a  well  proportioned  engine  having  a  steam  pipe  of 
sufficiently  large  area,  the  steam  line  should  parallel  the 
atmospheric  line  up  to  the  point  of  cut  off.  Fig.  118  in- 
dicates proper  release  of  the  steam  at  F,  and  the  back 
pressure  from  G  to  C,  which  is  3  lbs.  above  the  atmos- 
pheric line,  shows  a  reasonably  free  passage  of  the  ex- 
haust steam. 


Fig.  119. 


Figs.  119  to  124  illustrate  diagrams  from  three  new 
vertical  Corliss  engines  supplying  power  for  an  electric 
lighting  plant,  which  the  author  was  requested  to  test 


Fig.  120. 

and  adjust  after  they  had  been  in  operation  a  few 
months.  The  valves  had  previously  been  set  by  the  erect- 
ing engineer  at  the  time  the  engines  were  set  up.  Each 
gne  of  these  engines  exhausted  into  a  separate  condenser 
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of  the  Jet  type,  into  which  the  condensing  water  was 
forced  under  pressure  and  from  which  the  overflow  was 
discharged  by  gravity  into  a  sew^r.  There  was  no  air 
pump  anid  as  a  coaisequence  the  vacuum  maintained  was 
very  low,  usually  from  10  to  15  in.,  and  at  times  still 
less,  so  that  the  beneficial  results  of  condensing  were  only 
partially  realized. 

For  oonvenience  the  diagrams  from  each  engine  will 
be  treated  in  numerical  order,  beginning  with  engine 
No.  1.  This  engine  was  24  x  48  in.,  running  70  R.  P.  M., 
with  a  boiler  pressure  of  68  lbs.    A  40  spring  was  used 

Pig.  121. 

in  the  indicator.  The  principal  defect  was  the  lack  of 
sufficient  lead  on  both  ends,  as  indicated  by  the  inclina- 
tion inward  of  the  admission  lines  and  the  rounded  cor- 
ners of  the  steam  lines  at  the  beginning  of  the  stroke. 
(See  Fig.  119.)  There  was  also  more  compression,  espe- 
cially on  the  bottom  end,  than  was  necessary,  considering 
the  size  of  the  engine  and  the  speed.  The  necessary 
changes  having  been  made,  the  indicator  was  again  ap- 
plied and  the  diagram  Fig.  120  was  obtained,  which 
shows  the  distribution  of  the  steam  to  be  satisfactory, 
although  at  the  time  of  taking  this  diagram  the  boiler 
pressure  was  only  60  lbs.,  while  it  should  have  been  68 
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or  70  lbs.,  because  with  the  lafter  pressure  still  better 
results  could  have  been  obtain-ed.  The  I.  H.  P.  was  235 
and  the  steam  used  per  I.  H.  P.  per  hour  was  18  lbs. 
Fig.  121  is  the  original  diagram  from  engine  No.  2, 
and  shows  bad  valve  adjustment  all  around,  with  the  ex- 
ception of  lead  on  the  top  end.  The  variation  in  thej 
points  of  cut  oflf  is  the  worst  feature;  cut  off  taking 
place  on  the  bottom  at  29  per  cent,  of  the  stroke,  while 
on  the  top  end  it  does  not  occur  until  the  piston  has  trav- 
eled through  42  per  cent  of  the  stroke.    There  is  more 


Fig.  122. 

compression  also  than  is  needed.  This  engine  was 
18  X  42  in.,  running  at  a  speed  of  78  R.  P.  M.,  and  the 
steam-  consumption,  according  to  diagram  Fig.  121,  ,was 
33  lbs.  per  I.  H.  P.  per  hour.  Having  equalized  the  cut 
off  and  reduced  the  compression  by  making  the  neces- 
sary changes  in  the  valve  gear,  the  indicator  was  again 
applied,  resulting  in  diagram  Fig.  122,  which  may  be 
considered  practically  perfect.  The  boiler  pressure  was 
68  lbs.  and  the  spring  used  was  a  No.  40.  The  steam 
consumption  was  reduced  to  22  lbs.  per  I.  H.  P.  per 
hour  as  compared  to  33  lbs.  in  Fig.  121. 

Figs.   123-124   represent  diagrams  from   engine   No. 
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3,  which  was  the  same  size  as  No.  1,  viz.,  24x48  in.,* 
and  running  at  72  R.  P.  M.  The  original  diagram,  Fig. 
123,  shows  too  little  lead  on  both  ends,  but  especially  on 
the  top.  There  is  also  lack  of  compression  on  the  bottom 
end.    The  boiler  pressure  was  60  lbs.  and  llie  scale  of 


Fig.  123. 

spring  40.  Fig.  124  taken  after  the  n-ecessary  adjust- 
ments had  been  made,  shows  much  better  valve  perform- 
ance. The  horse  power  developed  was  251  and  the  steam 
consumption  was  20.5  lbs.  per  I.  H.  P.  per  hour.  The 
rather  high  rate  of  steam  consumption  for  this  engine 
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Pig.   124. 


as  compared  with  engine  No.  1,  which  was  the  same 
size  but  consumed  only  18  lbs.  of  steam  per  I.  H.  P.  per 
hour,  was  due  to  two  causes.  First,  a  low  vacuum ;  sec- 
ond, low  initial  pressure  necessitating  a  late  cut  off. 
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Pigs.  125  to  128,  inclusive,  are  diagrams  from  a  Bul- 
lock horizontal  non-condensing  Corliss  engine  which  had 
been  running  about  eight  or  nine  months  when  it  fell 
to  the  author's  lot  to  apply  the  indicator  to  the  engine, 
not  only  for  the  purpose  of  adjusting  the  valve  motion, 
but  also  to  make  a  series  of  tests  for  the  purpose  of 
ascertaining  the  amount  of  power  delivered  by  the  en- 
gine to  each  one  of  several  diflPen^nt  departments  which 
were  receiving  power  from  this  source. 


Fig.   125. 


The  dimensions  of  the  entnn,^  were  as  follows:  bore 
of  cylinder,  32  in.;  stroke,  5  ft.  At  the  time  Fig.  125 
was  taken  the  engine  was  making  62  R.  P.  M.  and  the 
boiler  pressure  was  only  50  lbs.  A  30  spring  was  used. 
Although  the  load  en  the  engine  was  very  light  at  the 
time,  yet  the  diagram  served  as  a  r'uiciv}  to  some  extent 
in  setting  the  valves,  and  by  taking  off  the  bonnets  from 
the  valve  chests  and  making  the  necessary  changes  in 
the  adjustment  by  the  marks  on  the  valves  a  pretty  fair 
jcb  was  made  of  it,  as  will  be  seen  by  referring  to  Fig. 
126.  The  reducing  motion  was  a  pantograph,  and  as  it 
is  very  easy  to  vary  the  travel  of  the  paper  drum  with 
this  motion,  diagrams  of  different  lengths  were  taken 
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until  the  one  which  appeared  to  be  the  most  satisfactory 
was  obtained.  The  slight  hump  in  the  expansion  curve 
immediately  after  cut  off  was  probably  caused  by  a 
speck  of  dirt  or  grit  which  momentarily  checked  the 


Pig.  126. 

indicator  piston  on  the  down  stroke.  The  compression 
on  the  crank  end  is  not  sufficient  and  the  exhaust  valve 
rod  on  that  end  was  slightly  lengthened,  resulting  in 
the  production  of  diagram  Fig.  127.  In  this  diagram 
the  familiar  hump  in  the  crank  end  expansion  curve  re- 


Plg.  127. 

appears,  but  in  a  different  location,  being  nearer  the  end 
of  the  stroke.  It  will  also  be  noticed  that  the  length  of 
Fig.  127  has  been  considerably  reduced  from  that  of 
Figs.  125  and  126,  it  being  about  one  inch  shorter. 
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The  boiler  pressure  and  the  load  on  this  engine  were 
gradually  increased  from  time  to  time,  f rojn  50  lbs.  and 
a  light  load  (as  shown  by  Fig.  125),  to  60  lbs.  and  335 
horse  power  (as  indicated)  by  Fig.  126  taken  some  three 
months  later),  and  when  Fig.  128  was  taken,  about  two 
years  and  eight  months  later,  the  boiler  pressure  had 
been  increased  to  87  lbs.  and  the  I.  H.  P.  was  over  700. 


//W 
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Fig.  128. 


Diagram  Fig.  128  shows  good  economy  in  the  use  of 
steam  in  spite  of  the  fact  that  the  cut  oflf  occurs  i^ther 
late.  There  is  no  back  pressure  worth  mentioning,  the 
back  pressure  line  forming  part  of  the  atmospheric 
line  through  the  largest  part  of  the  stroke.  The  reason 
for  this  is  that  the  areas  of  the  exhaust  ports  as  well 
as  the  exhaust  pipe  were  sufficiently  large  to  permit  a 
free  passage  for  the  steam.  The  exhaust  pipe,  also,  was 
made  as  short  and  direct  as  possible  and  all  super- 
fluous  elbows  were   dispensed  with.     The  steam  con- 
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Fig.  129. 
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suined  per  I.  H.  P.  per  hour  as  per  diagram  Fig.  128 
was  22.3  lbs.,  and  the  horse  power  developed  was  710.6. 
Figs.  129  and  131,  inclusive,  represent  diagrams  from 
a  Buckeye  engine  24X48  in.,  and  are  introduced  for  the 
purpose  of  emphasizing  the  need  of  caution  and  good 
judgment  in  setting  valves  by  the  indicator  when  the 
load  on  the  engine  is  variable.  Fig.  129,  which  was  the 
first  to  be  taken,  would  seem  to  indicate  that  the  valve 
was  badly  adjusted,  but  when  Fig.  130  was  taken  imme- 
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Fig.  131. 

diately  afterwards,  the  cause  of  the  trouble  became 
apparent.  The  engine  was  furnishing  power  for  oper- 
ating an  electric  street  railway  on  a  small  scale,  and 
the  variation  in  the  points  of  cut  off  was  caused  by  the 
stopping  and  starting  of  the  cars. 

Fig.  130  is  a  notable  example  of  the  quick  and  deli- 
cate action  of  the  shaft  governor,  as  it  will  be  seen  that 
during  four  successive  revolutions  there  was  a  different 
load  each  time,  as  shown  by  the  diagram  from  the  crank 
end. 
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Fig.  131  was  secured  by  quick  manipulation  of  the 
instrument  when  it  was  known  that  the  load  was  to  be 
steady  for  a  few  seconds. 

Fig.  132  is  from  an  Atlas  single  valve  automatic  cut 
off  engine  with  shaft  governor.  This  engine  was  16X24 
in.,  running  at  105  B.  P.  M.,  and  at  the  tim<e  the  dia- 
gram was  taken  the  boiler  pressure  was  only  50  lbs. 
The  spring  used  was  a  No.  30.  The  diagram  is  a  fairly 
good  one  for  the  type  of  en^ne.  Owing  to  the  variation 
in  the  angular  advance  of  the  single  eccentric  actuated 


Fig.  132. 

by  a  shaft  governor,  the  degree  of  compression  varies 
with  the  point  of  cut  off  in  the  single  valve  engine,  the 
compression  being  higher  with  an  early  cut  off  than  it  is 
when  cut  off  occurs  later  in  the  stroke.  The  loop  at  A 
is  caused  by  too  much  lead  which,  together  with  the  com- 
pression, caused  a  momentary  rise  in  the  pressure  above 
the  normal.  The  lead  at  B  is  approximately  correct. 
The  difference  in  terminal  pressures  at  C  and  D  is  the 
result  of  shifting  of  the  points  of  cut  off  caused  by 
variations  in  the  load.  The  back  pressure  lines  are  al- 
most identical  with  the  atmospheric  line,  showing  that 
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the  exhaust  is  in  no  w-ay  restricted  or  cramped.  I.  H.  P. 
is  65.7  and  steam  consumption  21  lbs.  per  I.  H.  P.  per 
hour. 

Figs.  133  and  134  are  diagrams  taken  from  a  cross 
compound  condensing  Corliss  engine.  The  high  pressure 
cylinder  was  24x48  in.,  and  the  low  pressure  cylinder 
was  44X48  in.  The  steam  from  the  high  pressure  ex- 
hausted into  a  receiver  and  firom  thence  into  the  low  pres- 
sure cylinder.  Th«  receiver  p'ressure  was  5.3  lbs.  above  at- 
mospheric pressure.    The  ratio  of  piston  areas  was  3.36 


Fig.  133. 

to  1.  That  is,  the  area  of  the  low  pressure  piston  was 
3.36  times  the  area  of  the  high  pressure  piston,  which 
was  about  the  correct  ratio  for  the  pressure  carried,  viz., 
84  lbs.  gauge  or  99  lbs.  absolute.  A  No.  40  spring  was 
used  on  the  high  pressure  and  a  No.  12  on  the  low 
pressure  cylinder.  The  number  of  expansions  in  the 
two  cylinders  was  14.  Thus,  the  ratio  of  expansion  in  the 
high  pressure  cylinder  was  4.5  and  in  the  low  pressure 
the  ratio  was  3.1.    Then  4.5X3.1=14;  or.  Thus,  initial 
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pressure==99  lbs.  absolute,  terminal  pressure  in  L.  P. 
cylinder=7  lbs.  absolute;  then  99-^7=14. 

To  illustrate  the  process  of  finding  the  M.  E.  P.  with- 
out the  use  of  ordinates  when  the  absolute  initial  and 
terminal  pressures  and  the  number  of  expansions  in  each 
cylinder  are  known,  the  following  problems  will  be 
worked  out: 

Find  M.  E.  P.  in  L.  P.  cylinder. 
First,  find  initial  pressure. 

Rule.  T.  P.  multiplied  by  number  of  expansions. 
Thus,  7X3.1=21.7  lbs.  absolute  initial  pressure  m  L.  P. 
cylinder. 

Second,  find  mean  forward  pressure  (M.  F.  P.). 

Rule.  Multiply  initial  pressure  by  hyperbolic  loga- 
rithm of  number  of  expansions  plus  1,  and  divide  prod- 
uct by  number  of  expansions.  Thus  the  hyperbolic 
logarithm  of  3.1=1.1314,  to  which  add  1=2.1314.  Then 

21.7X2.1314^^^^  jj^  ^  p  p     Deduct  from  this  the 

o.l 
back  pressure,  which  was  5  lbs.  absolute.    Thus,  14.9 — 
5=9.9  lbs.  M.  E.  P.  in  L.  P.  cylinder. 

Next  find  M.  E.  P.  in  H.  P.  cylinder. 

First,  find  T.  P.  in  H.  P.  cylinder. 

This  will  equal  th-e  initial  pressure  in  the  L.  P.  cylin- 
der-|-2  per  cent  for  loss  in  the  receiver.  Thus,  21.7+.4 
=:22.1  lbs.,  terminal  pressiu-e  in  H.  P.  cylinder. 

Second,  find  initial  pressure  in  H.  P.  cylinder. 

Rule.  Multiply  T.  P.  by  number  of  expansions.  Thus. 
22.1X4.5=99.4  lbs.,  absolute  initial  pressure  in  H.  P. 
cylinder. 

Third,  find  mean  forward  pressure  (M-  F.  P.)- 
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The  hyperbolic  logarithm  of  4.5=1.5041,  add  1= 
2.5041.     Then  ^9.4X2.5041^^^  j^j   ^   p    .^  ^   p 

4.5  ' 

cylinder.     Deduct  back  pressure  22.1;  thus,  55  lbs. — 
22.1  lbfl.=32.9  lbs.,  M.  E.  P.  in  H.  P.  cylinder. 

The  ratio  of  piston  areas  being  3.36  to  1,  it  may  be  of 
interest  to  pursue  the  subject  a  little  farther  and  ascer- 
tain how  the  distribution  of  the  steam  in  the  two  cylin- 
ders corresponds  to  the  ratio  of  areas.  The  ratio  and 
pressures  may  be  expressed  as  follows : 


Fig.   134. 

Ratio  of  areas — H.  P.  cylinder,  1 ;  L.  P.  cylinder, 
3.36.  M.  E.  P.— H.  P.  cylinder,  32.9 ;  L.  P.  cylinder,  9.9 
lbs.  which  is  very  nearly  correct;  sufficiently  so  for  all 
practical  purposes,  and  clearly  demonstrates  that  with 
the  intelligent  use  of  the  indicator  it  is  possible  to  so 
adjust  the  valves  and  establish  the  points  of  cut  off  on 
a  compound  or  triple  expansion  engine  that  the  work 
done  in  each  cylinder  will  be  practically  the  same.  As 
for  instance,  the  product  of  the  area  of  the  H.  P.  piston 
and  the  M.  E.  P.=14,883.6  lbs.,  and  that  of  the  L.  P. 
pistonXM.  E.  P.=15,052.9  lbs.,  a  difference  of  only 
169.3  lbs.  If  the  two  products  had  been  equal,  the  horse 
power  exerted  in  the  two  cylinders  would  have  been  the 
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same.  As  it  was,  the  horse  power  of  the  H.  P.  cylinder 
was  263.4  and  that  of  the  L.  P.. cylinder  was  266.4,  show- 
ing a  difference  of  only  three  horse  power  in  the  amount 
of  work  done  in  each  cylinder. 

Fig.  135  was  taken  from  one  of  a  pair  of  Fishkill 
Corliss  engines  connected  to  a  common  crank  shaft.  The 
engines  were  each  24X48  in.,  and  run  at  65  R.  P.  M., 
with  a  boiler  pressure  of  65  lbs.  They  were  equipped  with 
a  jet  condenser  and  a  bucket  plunger  air  pump  served 


Fig.  136. 


for  both  engines.  These  engines  had  been  in  continuous 
service  for  nearly  seventeen  years  when  the  author  was 
called  upon  to  indicate  them  and  adjust  the  valves.  A 
diagram  taken  at  the  same  time  from  the  mate  of  this 
engine  was  very  nearly  an  exact  counterpart  of  Fig.  135. 
The  horse  power,  as  shown  by  Fig.  135,  was  248,  and  the 
steam  per  I.  H.  P.  per  hour  was  15.2  lbs.  The  vacuum 
gauge  showed  27  in.  and  a  50  spring  was  used. 

Figs.  136  and  137  are  from  an  old  Fishkill  Corliss 
engine  16X42  in.,  to  which  the  author  applied  the 
indicator  after  he  had  set  the  valves,  according  to  the 
ordinary  rules  for  valve  setting,  by  the  marks  placed  on 
the  ends  of  the  valves  and  valve  chests.  These  diagrams 
are  introduced  especially  for  the  purpose  of  showing  the 
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need  of  exercising  the  greatest  of  care  to  prevent  dirt  or 
grit  of  any  kind  from  getting  into  the  indicator  cylinder. 
After  the  indicator  pipes  had  been  blown  out  sufficiently, 
as  it  was  thought,  the  indicator,  which  was  a  thoroughly 
reliable  instrument,  was  attached  and  diagram  Fig.  136 


Pig.  136. 

was  obtained.  It  showed  the  valve  adjustment  to  be 
very  nearly  correct,  but  the  perfectly  straight  steam 
lines  and  the  sharp  corners  and  sudden  drop  at  cut  off 
were  a  puzzle,  especially  in  an  old  engine  where  the 


Pig.  137. 


valves  and  valve  seats  were  known  to  be  much  worn 
down.  After  taking  several  more  diagrams  with  pre- 
cisely the  same  result,  the  indicator  was  removed,  and 
upon  taking  out  the  pisrton  a  quantity  of  dirt  was  found 
on  it  and  also  on  the  inside  of  the  cylinder.    This  fully 
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explained  the  cause  of  the  sharp  comers,  etc.,  on  the 
diagram.  After  the  indicator  had  been  cleaned  and 
oiled  it  Was  again  connected  and  Fig.  137  was  produced, 
which  is  a  truthful  presentation  of  the  performance  of 
the  steam  in  the  cylinder. 

Many  diagrams  are  misleading,  owing  to  causes  simi- 
lar to  the  above,  aijd  a  diagram  with  too  sharp  angles 
at  cut  off  or  release  should  be  regarded  with  suspicion 
until  it  is  proved  beyond  all  doubt  to  be  truthful 


Pig.  138. 

Fig.  138  represents  a  diagram  from  a  vertical  non- 
condensing  engine  14X16  in.  with  riding  cut  off,  which 
the  author  was  called  upon  to  adjust.  This  engine  was 
nearly  new,  having  been  run  but  a  few  months,  and 
although  the  size  of  it  was  ample  to  do  all  the  work 
required,  yet  it  had  failed,  so  far,  to  supply  one-half 
the  power  needed.  After  taking  the  diagram  and  mak- 
ing a  few  outside  investigations,  the  cause  of  the  trouble 
was  apparent.  Indeed,  the  wonder  was  that  the  engine 
had  supplied  as  much  power  as  it  had  under  the  circum- 
stances. 

First.  It  was  situated  too  far  from  the  boiler  plant, 
being  fully  1,200  ft.,  and  although  a  pressure  of  85  lbs. 
was  carried  at  the  boilers  and  the  steam  was  conveyed 
through  a  6-inch  pipe,  yet  owing  to  the  many  drains  on 
the  pipe  for  heating  buildings,  running  other  small  en- 
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gines^  etc.,  by  the  time  the  steam  reached  the  engine  in 
question  the  pressure  was  reduced  so  much  that  a  30 
spring  was  found  to  be  too  strong,  although  that  was 
the  scale  of  Pig.  138. 

Second.  The  end  of  the  exhaust  pipe  was  found  to 
be  submerged  in  a  nearby  pond  of  water  to  which  it 
had  been  carried,  probably  with  a  view  of  making  a 
condensing  engine  out  of  it!  It  was  also  found  that 
there  was  no  less  than  four  superfluous  elbows  in  the 
exhaust  pipe  that  could  easily  be  dispensed  with.  The 
diagram  shows  that  the  cut  off  was  practically  useless. 
That  the  back  pressure  was  nearly  6  lbs.  above  the 
atmosphere,  and  that  the  engine  was  using  55  lbs.  of 
steam  and  7  lbs.  of  coal  per  horse  power  per  hour,  all 
of  which  conditions  were  about  as  bad  as  they  could  be. 


Pig.  139. 

After  increasing  the  lead  and  adjusting  the  cut  off  a 
No.  16  spring  was  used  and  Pig.  139  was  produced 
which^  although  still  showing  late  admission,  is  an  im- 
provement over  the  original  diagram.  The  initial  pres- 
sure being  only  30  lbs.  above  the  atmosphere,  further 
work  with  the  indicator  was  deferred  until  changes  were 
made  in  the  steam  and  exhaust  pipes,  by  which  the  initial 
pressure  was  increased  to  55  lbs.  and  the  exhaust  pipe 
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was  freed  of  extra  turns  and  raised  from  its  watery 
grave  into  the  open  air.  The  engine  has  since  then  given 
perfect  satisfaction. 

Fig.  140  is  from  a  Buckeye  automatic  cut  off  engine 
18X36  in.  The  engine  had  been  running  for  several 
years  with  the  valves  in  the  condition  shown  by  the 
diagram,  and  in  the  meanwhile,  the  load  having  been 
increased  from  time  to  time,  the  engine  fin-ally  refused 
to  run  up  to  speed  and  something  had  to  be  done.  The 
superintendent  of  the  plant  said  that  he  had  an  idea 
that  something  was  the  matter  with  the  engine  but  could 
not  ascertain  what  it  was,  and  so  he  finally  called  upon 
the  author  to  apply  the  indicator.  The  result  was  that 
diagram  Fig.  140  was  obtained,  showing  that  the  princi- 
pal cause  of  the  trouble  was  unequal  cut  off.     After 


Pig.   140. 

equalizing  the  cut  off  and  increasing  the  lead  on  the 
crank  end  by  a  small  fraction  diagram  Fig.  141  was 
taken,  and  after  this  the  engine  gave  no  further  trouble. 
The  depression  in  the  steam  lines  might  have  been  recti- 
fied to  some  extent  by  increasing  the  boiler  pressure, 
thus  giving  a  higher  initial  pressure  and  an  earlier  cut 
off.  The  speed  of  the  engine  was  94  R.  P.  M.,  with  a 
boiler  pressure  of  70  lbs.  A  40  spring  was  used  with 
the  indicator. 
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In  order  to  more  fully  illustrate  the  process  of  ascer- 
taining the  M.  E.  P.  without  dividing  the  diagram  into 
ordinates,  the  following  computation  is  given  together 
with  rules,  etc.  In  this  process  two  important  factors 
are  necessary,  viz.,  the  absolute  initial  pressure  and  the 


Fig.  141. 

absolute  terminal  pressure,  and  they  can  both  be  ob- 
tained from  the  diagram  by  measuring  with  the  scale 
adapted  to  the  spring  used.  Thus,  in  Pig.  141  the  abso- 
lute initial  pressure  measured  from  the  line  of  perfect 
vacuum  V  to  line  B  is  77  lbs.,  and  the  absolute  terminal 
pressure  measured  from  V  to  line  B'  is  21  lbs.  The 
ratio,  or  number  of  expansions,  is  found  thus : 

Rule.  Divide  the  absolute  initial  pressure  by  the 
absolute  terminal  pressure;  thus,  77-f-21=3.65=  num- 
ber of  expansions. 

Second.    Find  mean  forward  pressure. 

Rule.  Multiply  absolute  initial  pressure  by  the  hyper- 
bolic logarithm  of  number  of  expansions  plus  1,  and 
divide  product  by  number  of  expansions.  Thus,  refer- 
ring to  Table  27,  it  will  be  seen  that  the  hyperbolic 
logarithm  of  3.65  is  1.2947,  to  which  1  must  be  added. 

77X2  2947 
Then  »  iZ — =48.4  lbs.,  which  is  the  absolute  mean 
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forward  pressure.  From  this  deduct  the  absolute  back 
pressure,  which  is  16  lbs.,  or  1  lb.  above  atmosphere; 
thus,  48.4—16=32.4  lbs.  M.  E.  P. 

Third.    Find  I.  H.  P. 

Area  of  piston  minus  one-half  area  of  rodXM.  E.  P.X 
piston  speed  in  feet  per  minute,  divided  by  33,000.  Thus 


r^x.    A'       .        I.  ^  V.  •       Q  •^  250.96X32.4X564 
(the  diameter  of  rod  being  3  in.), qqqoo " 

138.9  I.  H.  P. 

The  steam  consumption  per  I.  H.  P.  per  hour  may 
also  be  computed  by  means  of  Table  28,  which  was 
originally  calculated  by  Mr.  Thomson,  and  is  based  upon 
the  following  theory : 


TABLE  28. 


T.  p. 

w. 

T  .P. 

w. 

T.  P. 

w. 

8 

117.80 

18 

466.57 

28 

798.10 

8.5 

135.75 

13.5 

488.48 

28.5 

814.89 

4 

158.88 

14 

500.22 

24 

830.64 

4.5 

171.94 

14.5 

517.07 

24.5 

846.96 

5 

186.75 

15 

588.a5 

25 

868.25 

5.5 

207.60 

15.5 

550.64 

25.5 

879.49 

6 

225.24 

16 

567.86 

26 

895.70 

6.5 

242.97 

16.5 

584.10 

26.5 

911.86 

7 

260.54 

17 

600.78 

27 

927.99 

7.5 

278.06 

17.5 

617.40 

27.5 

944.07 

8 

295.44 

18 

688.96 

28 

960.12 

8.5 

312.80 

18.5 

650.46 

28.5 

976.27 

9 

830.08 

19 

666.90 

29 

992  88 

9.5 

847.27 

19.5 

688.88 

29.5 

1008.46 

10 

864.40 

20 

699.80 

80 

1024.50 

10.5 

881.57 

20.5 

716.27 

80.5 

1040.51 

11 

898.64 

21 

782.69 

81 

1056.48 

11.5 

415.78 

21.6 

749.06 

81.6 

1072.42 

12 

432.72 

22 

765.88 

82 

1088.82 

12.5 

449.69 

22.5 

781.76 

82.5 

1104.86 
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A  horse  powep==33,000  ft.  lbs.  per  minute,  or  1,980,- 
000  ft  lbs.  per  hour,  or  1,980,000X12=23,760,000  in. 
lbs.  per  hour,  meaning  that  the  same  amount  of  energy 
required  to  lift  33,000  lbs.  one  foot  high  in  one  minute 
of  time  would  lift  23,760,000  lbs.  one  inch  high  in  one 
minute  of  time.  Now  if  an  engine  were  driven  by  a 
fluid  that  weighed  one  pound  per  cubic  inch,  and  the 
mean  effective  pressure  of  this  fluid  upon  the  piston 
was  one  pound  per  square  inch,  it  would  require  23,760,- 
000  lbs.  of  the  fluid  per  horse  power  per  hour.  But  if 
in  place  of  the  heavier  fluid  we  substitute  pure  distilled 


Fig.  142. 

water  of  which  it  requires  27.648  cu.  in.  to  weigh  one 
pound,  the  consumption  per  I.  H.  P.  per  hour  will  be 
considerably  less;  as,  for  instance,  23,760,000-=-27.648= 
859,375  lbs.,  which  would  be  the  rate  per  hour  of  the 
water  driven  engine  if  the  M.  B.  P.  of  the  water  was 
one  pound  per  square  inch  and  if  the  M.  B.  P.  was  in- 
creased to  20  lbs. ;  then  twenty  times  more  power  would 
be  developed  with  the  same  volume  of  water,  but  the 
weight  of  water  consumed  per  H.  P.  per  hour  would  be 
proportionately  less.  Now  if  the  engine  is  driven  by 
steam  it  will  consume  just  as  much  less  water  in  pro- 
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portion  as  the  water  required  to  make  the  steam  is  less 
in  volume  than  the  steam  used.  Therefore  if  the  above 
constant  number,  859,375,  be  divided  by  the  M.  E.  P. 
of  any  diagram  and  by  the  volume  of  the  terminal  pres- 
sure, the  quotient  will  be  the  water  (or  steam)  con- 
sumption per  I.  H.  P.  per  hour. 

Referring  to  Table  28,  the  numbers  in  the  "W  columns 
are  the  quotients  obtained  by  dividing  the  constant,  859,- 
375,  by  the  volumes  of  the  absolute  pressures  given  in 
the  columns  under  T.  P.  and  which  represent  terminal 
pressures.  The  table  is  considerably  abridged  from  the 
original,  which  was  very  full  and  complete,  the  pressures 
advancing  by  tenths  of  a  pound  from  3  lbs.  to  60  lbs. ; 
but  it  is  seldom  that  in  ordimary  practice  there  is  needed 
such  accuracy.  If  at  any  time,  however,  a  diagram 
should  show  a  terminal  pressure  not  given  in  the  table, 
the  correct  factor  for  that  pressure  can  be  easily  found 
by  dividing  the  constant  859,375,  by  the  relative  volume 
of  the  pressure  as  found  in  Table  10  of  the  properties  of 
saturated  steam. 

Referring  again  to  Fig.  141,  it  is  seen  that  the  termi- 
nal pressure  is  21  lbs.  absolute,  and  by  reference  to  Table 
28  and  glancing  down  column  T.  P.  until  21  is  reached, 
it  will  be  seen  that  the  number  opposite  in  column  W  is 
732.69.  This  number  divided  by  the  M.  E.  P.  of  the 
diagram  Fig.  141,  which  is  32.4  lbs.,  gives  22.6  lbs.  per 
I.  H.  P.  per  hour  b&  the  steam  consumption.  The  rate 
thus  found  makes  no  allowance  for  clearance  and  com- 
pression, however,  and  these  two  very  important  items 
will  be  treated  in  a  succeeding  section  together  with  the 
method  of  correction  for  the  above,  viz.,  clearance  and 
compression,  as  they  enter  largely  into  the  steam  econ- 
omy of  an  engine. 
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Steam  Consumption  from  Indicator  Diagrams.  In 
calculating  the  steam  consumption  of  an  engine,  two 
very  important  factors  must  not  be  lost  sight  of,  viz., 
clearance  and  compression.  Especially  is  this  th<e  case 
in  regard  to  clearance  when  there  is  little  or  no  com- 
pression, for  the  reason  that  the  steam  required  to  fill 
the  clearance  space  at  each  stroke  of  the  engine  is  prac- 
tically wasted,  and  all  of  it  passes  into  the  atmosphere 
or  the  condenser,  as  the  ease  may  be,  without  having 
done  any  useful  work  except  to  merely  fill  the  space  de- 
voted to  clearan<»e.  On  the  other  hand,  if  the  exhaust 
valve  is  closed  before  the  piston  completes  the  return 
stroke,  the  steam  then  remaining  in  the  cylinder  will  be 
compressed  into  the  clearance  space  and  can  be  deducted 
from  the  total  volume  which,  without  compression,  would 
have  been  exhausted  at  the  terminal  pressure. 

Figs.  142  and  143,  which  are  reproductions  of  dia- 
grams taken  by  the  author  while  adjusting  the  valves 
on  a  16X42  in.  Corliss  engine,  will  serve  to  graphically 
illustrate  this  point.  Fig.  142,  which  was  the  first  one 
to  be  taken,  shows  no  compression.  The  point  of  admis- 
sion at  A  is  plainly  defined  by  the  square  comer  at  the 
extreme  end  of  the  stroke.  The  clearance  of  this  engine 
is  4  per  cent,  of  the  volume  of  the  piston  displacement. 
The  engine  being  16  in.  bore  by  42  in.  stroke,  the  piston 
displacement  is  found  by  the  following  calculation: 
Area  of  piston,  201.06  sq.  in.Xstroke,  42  in.=8444.52 
cu.  in.  The  volume  of  clearance  space  is  equal  to  8444.52 
cu.  in. X. 04=337.78  cu.  in.,  which  divided  by  1,728= 
.195  cu.  ft. 

By  reference  to  Fig.  143,  taken  after  adjusting  the 
valves  for  compression,  it  will  be  noticed  that  the  steam 
1^  Xhexe  compressed  to  37  lbs.,  the  compressioji  curve 


358  POWER  STATIONS 

beginning  at  C  and  ending  at  B.  There  is  therefore  com- 
pressed during  each  stroke  a  volume  of  steam  equal  to 
.195  cu.  ft.  at  a  pressure  of  37  lbs.  gauge,  or  52  lbs. 
absolute. 

One  cubic  foot  of  steam  at  52  lbs.  absolute  pressure 
weighs  .1243  lbs.,  and  .195  cu.  ft.  will  weigh  .1243 X. 195 
=.0242  lbs. 

The  engine  was  running  at  70  R.  P.  M.,  or  140  strokes 
per  minute.  Thus,  according  to  Pig.  143,  the  total  weight 
of  steam  compressed  and  doing  useful  work  during  one 
hour,  and  which  without  compression  would  have  passed 
out  through  the  exhaust  pipe,  is  equal  to  .0242X140X60 
=203.28  lbs. 


Fig.   143. 

Now  in  order  to  estimate  the  steam  consumption  of 
the  above  engine  from  diagram  Pig.  142,  it  would  be 
necessary  to  account  for  all  the  steam  occupying  not 
only  the  volume  of  the  piston  displacement  at  the  end 
of  the  stroke,  but  the  clearance  as  well,  for  the  reason, 
as  before  stated,  that  it  would  all  be  released  before 
exhaust  closure.  This  would  equal  8444.52  cu.  in.+ 
337.78  cu.  in.=8782.3  cu.  in.,  which  divided  by  1,728= 
5.08  cu.  ft.  each  stroke,  or  10.16  cu.  ft.  each  revolution. 
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The  absolute  terminal  pressure  of  Fig.  142  is  20  lbs. 
One  cubic  foot  of  steam  at  this  pressure  weighs  .0507 
lbs.,  and  the  weight  of  steam  consumed  each  revolution 
would  therefore  be  10.16 X.0507=.515  lbs.,  which  mul- 
tiplied by  70  R.  P.  M.=36.05  lbs.  per  minute,  or  2,163 
lbs.  per  hour.  The  horse  power  developed  by  the  engine 
at  the  time  was  80.  Therefore  the  steam  consumption  per 
I.  H.  P.  per  hour=2,163-^-80^27  lbs. 

Referring  again  to  Pig.  143  it  will  be  remembered 
that  the  total  weight  of  steam  compressed  during  one 
hour  was  203.28  lbs.  The  weight  of  steam  consumed 
per  hour,  therefore,  equals  2,163—203.28=1959.7  lbs. 

Owing  to  compression,  the  work  area  of  Pig.  143  is 
somewhat  smaller  than  that  of  Pig.  142,  amounting  in 
fact  to  the  area  of  the  irregular  figure  enclosed  between 
the  points  A,  B  and  C.  The  work  represented  by  this 
figure  amounts  to  a  very  small  proportion  of  the  total 
work  indicated  by  Pig.  142,  still  in  order  to  arrive  at 
correct  conclusions,  it  should  be  deducted  therefrom. 

Assuming  the  negative  work  to  be  equal  to  .55  horse 
power,  we  have  80 — ^.55=79.45  I.  H.  P.  as  the  work 
represented  by  Pig.  143.  As  the  total  weight  of  steam 
consumed  in  one  hour  was  1959.7  lbs.,  the  steam  con- 
sumption per  I.  H.  P.  per  hour  will  be  1959.7-^79.45= 
24.67  lbs.,  a  saving  by  compression  of  2.33  lbs.  per  H.  P. 
per  hour,  besides  the  great  advantage  of  having  a  cush- 
ion of  steam  in  contact  with  the  piston  at  the  termination 
of  the  stroke,  thus  bringing  the  moving  parts  of  the 
engine  to  rest  quietly  without  shock  or  jar. 

The  steam  consumption  may  also  be  computed  from 
the  diagram,  regardless  of  the  dimensions  of  the  cylinder 
or  the  horse  power  developed.  The  mean  effective  pres- 
sure and  also  the  absolute  terminal  pressure  must,  how- 
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ever,  be  known.  This  method  was  referred  to  in  the  pre- 
ceding section,  but  in  the  computation  therein  made  no 
correction  was  made  for  clearance  and  compression. 

Having  reviewed  these  two  factors  at  considerable 
length  it  will  now  be  in  order  to  more  fully  explain 
the  methods  of  treating  diagrams  when  it  is  desired  to 
make  these  corrections. 


Fig.   144. 

First,  draw  vertical  lines  C  and  D,  Fig.  144,  at  each 
end  of  the  diagram,  and  perpendicular  to  the  atmos- 
pheric line.  Draw  line  V,  representing  perfect  vacuum, 
14.7  lbs.  below  the  atmospheric  line,  as  indicated  on  the 
scale  adapted  to  the  diagram,  which  in  this  case  is  50 
lbs.  to  the  inch.  Continue  the  expansion  from  R,  where 
release  begins,  until  it  intersects  line  D  V,  from  which 
point  the  absolute  terminal  pressure  can  be  measured. 

Having  ascertained  the  terminal  pressure,  which  for 
Fig.  144  is  30  lbs.,  draw  line  D  E,  which  may  be  called 
the  consumption  line  for  30  lbs.  The  terminal  being  30 
lbs.,  refer  to  Table  28  and  find  in  column  W,  oppasit3 
30  in  column  T.  P.,  the  number  1,024.5.  Divide  this  num- 
ber by  the  M.  E.  P.  which  in  Fig.  144  is  41  lbs.,  and  the 
quotient,  which  is  24.99  lbs.,  is  the  uncorrected  rate  of 
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steam  consumption.  This  rate  stands  for  the  total  eon- 
sumption  throughout  the  whole  stroke  represented  on 
the  diagram  by  the  distance  from  D  to  C,  which  meas- 
ures 3.25  in.,  but  it  is  evidenl;  that  there  is  a  small  por- 
tion of  the  return  stroke,  that  indicated  by  the  distance 
from  E  to  C,  during  which  the  steam  compressed  in  the 
clearance  space  should  not  be  charged  to  the  consump- 
tion rat^,  but  should  be  deducted  therefrom.  In  order 
to  do  this,  multiply  the  uncorrected  rate  by  the  distance 
from  D  to  E,  which  is  3%  in.,  or  3.125  in.,  and  divide 
the  product  by  the  distance  from  D  to  C,  3^4  in-i  or  3.25 
in.  Thus,  24.99X3.125-f-3.25=24.03  lbs.,  which  is  the 
corrected  rate  and  represents  a  saving  by  compression  of 
24.99— 24.03=.96  lbs.,  or  nearly  3.7  per  cent. 


In  many  cases  the  terminal  pressure  greatly  exceeds 
the  compression,  an  illustration  of  which  is  given  in  Fig. 
145  which  is  a  reproduction  of  a  diagram  from  an  old 
Wheelock  engine.  It  now  becomes  necessary  to  extend 
the  compression  curve  to  L,  a  point  equidistant  from 
the  vacuum  line  with  the  terminal  at  R.  The  consump- 
tion line  R.  L.  now  becomes  longer  than  the  stroke  line 
R.  M.,  therefore  the  corrected  rate  will  exceed  the  un- 
corrected rate  by  just  so  much ;  as  for  instance,  terminal 
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pressure=34  lbs.  The  factor,  as  per  Table  28=1152.26, 
and  the  M.  E.  P.  of  the  diagram  is  47  lbs.  Then,  1,152.26 
-7-47=24.5  lbs.,  uncorrected  rate;  24.5X3.125  in.  (dis- 
tance R.  L,)-^-3  in.  (distance  R.  M.)=:25.52  lbs.,  cor- 
rected rate,  a  loss  of  a  little  more  than  one  pound,  or 
about  4  per  cent. 


Fig.   146. 

There  is  another  class  of  diagrams  very  frequently 
encountered  in  which  the  terminal  pressure  is  consider- 
ably below  the  compression  curve,  and  in  order  to  com- 
pute the  consumption  rate  by  the  above  method  it  be- 
comes necessary  to  continue  the  compression  curve  down- 
wards until  it  meets  the  terminal,  as  illustrated  at  A, 
Pig.  146,  Which  is  a  friction  diagram  from  a  Buckeye 
engine.  R  is  the  point  of  release,  D  A  represents  the 
consumption  line,  and  D  C  the  stroke.  The  terminal 
is  8.5  lbs.,  and  the  factor  for  that  pressure,  according 
to  Table  28,  is  312.8.  Dividing  this  number  by  the  M. 
E.  P.,  which  was  7  lbs.,  gives  44.6  lbs.  as  the  uncor- 
rected rate.    Th«  distance  D  to  A,  where  the  compression 
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curve  intersects  the  consumption  line,  is  2.625  in.,  and 
the  total  length  of  the  diagram  C  to  D  is  3.375  in.  Then 
44.6x2.625-r-3.375=35  lbs.  as  the  corrected  rate.  The 
extremely  high  rate  is  owing  to  the  fact  that  the  engine 
was  running  light,  no  load  except  a  line  of  empty 
shafting. 

Theoretical  Clearance.  The  expansion  and  compres- 
sion curves  of  a  diagram  are  created  by  the  expansion 
and  compression  of  all  the  steam  admitted  during  the 
stroke.  This  includes  the  steam  in  the  clearance  space 
as  well  as  in  the  cylinder  proper.  It  is  evident,  there- 
fore, that  the  volume  of  the  clearance  is  one  of  the 
factors  controlling  the  form  of  these  curves,  and  when 
the  clearance  is  known  a  correct  expansion  or  isothermal 
curve  may  be  theoretically  constructed,  as  will  be  ex- 
plained later  on.  Also  if  the  actual  curves,  either  expan- 
sion or  compression,  of  a  diagram  assume  an  approxi- 
mately correct  form,  the  clearance,  if  not  already  known, 
may  be  determined  theoretically  from  them;  although 
too  much  confidence  should  not  be  put  in  the  results  as 
they  are  liable  to  show  either  too  little  or  too  much  clear- 
ance, generally  the  latter,  especially  if  figured  from  the 
compression  curve. 

For  the  benefit  of  those  who  may  desire  to  test  this 
method  of  ascertaining  the  percentage  of  clears.  ^  of 
their  engines,  several  illusti  itions  will  be  gi^m^^**Hts 
application  to  actual  diagram  is  taken  from  -cHginjs  in 
which  the  clearance  was  know^. 

Pig.  147  is  from  an  engiilft^^L  which  the  clearance 
was  known  to  be  5  per  cent.  '  ^t3.  impression  cuts  but 
a  very  small  figure  in  this  diagranl,  the  expansion  curve 
alone  will  be  utilized  for  obtaining  the  theoretical  clear- 
ance, and  the  process  is  as  follows : 
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Select  two  points,  C  and  R,  in  the  curve  as  far  apart 
as  possible,  but  be  sure  that  they  are  each  within  the 
limits  of  the  true  curve.  Thus  C  is  located  just  after 
cut  oflf  takes  place,  and  R  is  at  a  point  just  before 
release  begins.  Prom  C  draw  line  C  D  parallel  with 
the  atmospheric  line.  From  D  draw  line  D  R,  and  from 
C  draw  line  C  E,  both  perpendicular  to  the  atmospheric 
line.  Then  from  R  draw  line  R  E,  forming  a  rectangu- 
lar parallelogram,  C  D  R  E,  with  two  opposite  corners, 


Fig.  147. 

C  and  R,  within  the  curve.  Now  through  the  other  two 
corners,  D  and  E,  draw  the  diagonal  D  E,  extending  it 
dca<5  .  ;ards  until  it  intersectep  the  vacuum  line  V.  FYom 
this'^  .xiib  erect  the  vertical  line  V  W,  which  is  the 
theoretical  clearance  line. 

To  prove  the  result  j3(,ieed  as  follows:  Measure  tlir? 
length  of  diagrajr.  ^^q^  P  to  G,  which  in  this  case 
is  3.75  in.,  representii!'""  t>iston  displacement.  Next  meas- 
ure the  distance  from  P  to  the  clearance  line  V  W,  which 
is  3.91  in.,  representing  piston  displacement  witii  volume 
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of  clearance  added.  Then  3.91— 3.75=.16,  which  rep- 
resents volume  of  clearance;  and  .16X100-^3.75=4.3 
per  cent.,  which  is  approximately  near  the  actual  clear- 
ance, which,  as  before  stated,  was  5  per  cent. 

Fig.  148  serves  to  illustrate  the  same  method  applied 
to  the  compression  curve.  This  digram  is  a  reproduc- 
tion of  one  taken  from  the  low  pressure  cylinder  of  a 
large  compound  condensing  Corliss  engine  in  which  the 
actual  clearance  was  2.25  per  cent.    Two  points,  Q  and 
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H,  are  selected  in  the  compression  curve,  and  from  them 
the  parallelogram  G  H  I  K  is  erected  with  two  of  its 
opposite  comers,  6  and  H,  well  within  the  limits  of  the 
curve,  while  through  the  other  two  comers,  I  and  K,  the 
diagonal  I  E  C  is  drawn  intersecting  the  vacuum  line 
at  0,  thus  locating  the  point  from  which  the  clearance 
line  C  D  can  be  drawn.  The  measurements  in  this  case 
are  as  follows: 

Total  length  of  diagram,  E  to  P==3.75  in. 

Distance  from  clearanee  line,  D  C,  to  P=3.875  in. 

Volume  of  clearance=3.87&— 3.75=.125  in. 

.125Xl0O-r^.75=3.33  per  cent,  clearance,  which  is 
1.08  per  cent,  more  than  the  known  clearance. 

However,  notwithstanding  the  liability  to   error   in 
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many  cases,  still  this  method  of  computing  clearance 
may  often  be  utilized  to  good  advantage. 

Another  and  more  practical  method  of  measuring 
clearance  is  as  follows:  Place  the  engine  on  the  dead 
center.  Remove  the  valve  chest  cover  and  take  out  the 
valve.  Close  the  cylinder  cock  on  that  end  of  the  cylin- 
der to  which  the  piston  has  been  moved,  leaving  the 
cock  on  the  opposite  end  of  the  cylinder  open  and  dis- 
connected from  its  drip  pipe,  so  as  to  give  an  oppor- 
tunity for  catching  any  water  that  may  leak  past  the 
piston  while  measuring  the  clearance  space.  Then  hav- 
ing first  provided  a  known  weight  of  water,  always  mak- 
ing sure  of  having  a  little  niore  than  enough,  pour  it 
into  the  steam  port  until  the  clearance  space  is  filled  to 
a  level  with  the  valve  seat.  When  this  is  done,  weigh 
the  water  that  is  left  and  deduct  it  from  the  original 
quantity,  and  the  remainder  will  be  the  number  of 
pounds  of  water  required  to  fill  the  clearance,  from  which 
it  is  an  easy  matter  to  compute  the  number  of  cubic 
inches  or  cubic  feet  in  the  space  devoted  to  clearance. 
If  any  water  leaks  past  the  piston  during  the  operation 
it  should  be  weighed  and  deducted  from  the  total  quan^- 
tity  poured  into  the  port. 

In  the  case  of  an  engine  having  the  valve  chest  on  the 
side  of  the  cylinder  it  will  be  necessary  to  close  the  steam 
port  either  by  blocking  the  valve  against  it  or  by  fitting 
a  piece  of  soft  wood  into  it,  making  it  water  tight.  The 
water  can  then  be  poured  into  the  clearance  space 
through  a  pipe  connected  to  the  indicator  opening  in 
that  end  of  the  cylinder.  Care  should  be  exercised  to 
allow  a  vent  for  the  air  to  escape  as  it  is  displaced  by  the 
water. 

The    Theoretical    Expansion    Curve.    According    to 
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Boyle's  law  the  volume  of  all  elastic  gases  is  inversely 
as  their  pressures,  and  steam  being  a  gas  conforms  sub- 
stantially to  this  law;  although  the  expansion  curves 
of  indicator  diagrams  are  affected  more  or  less  by  the 
loss  of  heat  transmitted  through  the  cylinder  walk,  and 
by  the  change  in  the  temperature  of  the  steam  produced 
by  the  changes  in  pressure  during  the  progress  of  the 
stroke.  The  pressure  generally  falls  more  rapidly  dur- 
ing the  first  part  of  the  stroke,  and  less  rapidly  during 
the  last  portion  than  it  should  in  order  to  conform 
strictly  to  the  above  law,  and  the  terminal  pressure 
usually  is  greater  than  it  should  be  to  agree  with  the 
ratio  of  expansion.  But  this  fullness  of  the  expansion 
curve  of  the  diagram  near  the  end  compensates  in  a 
measure  for  the  too  rapid  fall  near  the  beginning  of  the 
stroke.  Therefore,  if  the  engine  is  in  fairly  good  con- 
dition with  the  valves  properly  adjusted  and  not  leak- 
ing, and  the  piston  rings  are  steam  tight,  it  may  be 
assumed  that  the  expansion  of  the  steam  in  the  cylinder 
takes  place  according  to  Boyle's  law  and  it  is  found 
that  the  expansion  curve  drawn  by  the  indicator  prac-. 
tically  coincides  with  a  hyperbolic  curve  constructed  ac- 
cording to  that  law. 

Fig.  149  graphically  illustrates  the  application  of  the 
hyperbolic  law  to  the  expansion  of  gases.  The  horizontal 
lines  represent  volumes  and  the  vertical  lines  represent 
pressures.  The  base  line,  A  F,  represents  the  full  stroke 
of  a  piston  in  the  cylinder  of  an  engine,  and  the  vertical 
line,  A  I,  represents  the  pressure  of  the  steam  at  the 
commencement  of  the  stroke. 

Suppose  there  is  no  clearance  and  that  the  steam  has 
been  admitted  up  to  point  H  when  it  is  cut  off.  The 
rectangle  A  B  H  I  is  the  product  of  the  pressure  mul- 
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tiplied  by  the  volume  of  the  steam  thus  admitted'.  When 
the  piston  has  traveled  from  A  to  C  the  volume  of  the 
steam  has  been  doubled  and  the  pressure  C  L  has  been 
reduced  to  just  one-half  what  it  was  at  A  I,  but  the  area 
of  the  rectangle  A  C  L  M  is  equal  to  the  area  of  the 
initial  rectangle,  and,  as  before,  is  the  product  of  the 
pressure  C  L  multiplied  by  the  volume  A  C.  As  the 
piston  travels  still  farther,  as  from  A  to  D,  the  steam 
is  expanded  to  four  volumes  while  the  pressure  at  D  K 
will  only  be  one-fourth  that  of  the  initial  pressure;  but 
the  new  rectangle  A  D  K  N  is  still  equal  in  area  to 
either  of  the  others,  ABHIorACLM. 


The  same  law  applies  to  each  of  the  remaining  rect- 
angles ;  A  E  G  0  representing  five  volumes  and  one-fifth 
of  the  initial  pressure,  and  A  F  R  P  representing  six 
times  the  initial  volume  and  one-sixth  of  the  initial  pres- 
sure, but  each  having  the  same  area  as  the  initial  rect- 
angle A  B  H  I.  Now  the  area  of  the  rectangle  A  B  H  I 
represents  the  work  done  by  the  steam  up  to  the  point  of 
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cut  off,  <and  the  area  of  the  hyperbolic  figure  enclosed 
by  the  Imes  B  H  R  F  represents  the  work  done  by  the 
expansion  of  the  steam  after  cut  off  occurs.  This  area 
and  the  amount  of  work  it  represents  may  be  computed 
by  means  of  the  known  relations  of  hyperbolic  surfaces 
with  their  base  lines;  as  for  instance,  if  the  base  lines 
A  B,  A  C,  A  D,  etc.,  extend  in  geometrical  ratio,  as 
1,  2,  4,  8,  16,  etc.,  the  successive  areas,  B  H  L  C,  B  H 
K  D,  B  H  G  B,  etc.,  increase  in  arithmetical  ratio,  as 
1,  2,  3,  4,  etc. 


Fig.  150. 


On  the  principles  of  common  logarithms,  which  rep- 
resent in  arithmetical  ratio  natural  numbers  in  geomet- 
rical ratio,  tables  of  hyperbolic  logarithms  have  been 
computed  for  the  purjxDse  of  facilitating  the  calculation 
of  areas  of  work  due  to  different  degrees  of  expansion. 

A  theoretical  curve  may  be  constructed  conjointly 
with  the  actual  expansion  curve  of  a  diagram  by  first 
locating  the  clearance  and  vacuum  lines  and  then  pur- 
suing the  method  illustrated  by  Fig.  150.  A  curve  so 
produced  is  called  an  isothermal  curve,  meaning  a  curve 
of  the  same  temperature. 
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Referring  to  Fig.  150,  suppose,  first,  that  it  is  desired 
to  ascertain  how  near  the  expansion  curve  of  the  dia- 
gram coincides  with  the  isothermal  curve,  at  or  near  the 
point  of  cut  oflf.  Select  point  R  near  where  release  be- 
gins, but  still  well  within  the  expansion  curve.  From  this 
point  draw  the  vertical  line,  R  T,  parallel  with  the  clear- 
ance  line,  V  S.  Then  draw  the  horizontal  line,  S  T, 
parallel  with  the  atmospheric  line,  and  at  such  a  height 
above  it  as  will  equal  the  boiler  pressure  as  measured 
by  the  scale  adapted  to  the  diagram ;  such  measurement 
to  be  made  from  the  atmospheric  line  to  correspond  with 
the  gauge  pressure.  From  T  draw  the  diagonal  T  V, 
and  from  R  draw  the  horizontal  line  R  D  parallel  with 
the  atmospheric  line.  From  D,  where  this  line  inter- 
sects T  V,  erect  the  perpendicular  D  E,  thus  forming 
the  parallelogram  R  D  B  T,  and'  as  line  T  V  passes 
through  two  of  its  opposite  angles  and  meets  the  junc- 
tion of  the  clearance  and  vacuum  lines,  the  other  two 
angles,  R  and  E,  will  be  in  the  theoretical  curve,  and 
R  being  the  starting  point,  it  is  obvious  that  this  curve 
must  pass  through  E,  which  would  be  the  theoretical 
point  of  cut  off  on  the  steam  line  S  T. 

Two  important  points  in  the  theoretical  curve  have 
now  been  located,  viz.,  E  as  the  cut  off,  and  R  as  the 
point  of  release.  In  order  to  obtain  intermediate  poinds, 
draw  any  desired-  n<umber  of  lines  downward  from  points 
in  S  T,  as  1,  2,  3,  4,  5,  etc.,  and  continue  them  down- 
wards far  enough  to  be  sure  that  they  will  meet  the  in- 
tend'ed  curve,  and  from  the  same  points  in  S  T  draw 
diagonals  1  V,  2  V,  3  V,  4  V,  5  V,  etc.,  all  to  converge 
accurately  at  V.  From  the  intersection  of  these  diagonals 
with  D  E  draw  horizontal  lines  parallel  with  V  V,  and 
the  points  of  junction  of  these  lines  with  the  vertical 
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lines  will  be  points  in  the  theoretical  curve.  It  will  now 
be  an  easy  matter  to  trace  the  curve  through  these  points. 
If,  on  the  other  hand,  it  be  desired  to  compare  the  curves 
toward  the  exhaust  end  of  the  diagram,  draw  lines  E  D 
and  E  T,  Fig.  151,  also  T  R,  locating  R  near  where 
release  commences,  after  which  draw  line  R  D,  com- 
pleting the  parallelo^am  E  T  R  D,  fixing  R  as  a  point 
in  the  theoretical  curve  started  at  E.  After  drawing 
the  diagonal  T  V,  proceed'  in  the  sanfc  manner  as  before 
to  locate  the  intermediate  pointa 


Pig.  151. 


It  will  be  observed  that  in  order  to  ascertain  the  per- 
formance of  the  steam  near  the  beginning  of  the  stroke, 
the  starting  point  of  the  ispthermal  curve  must  be  near 
the  point  of  release,  and  conversely,  if  the  starting  point 
of  the  curve  is  located  near  the  point  of  cut  off  and 
coincident  with  the  actual  curve,  the  test  will  apply 
towards  the  end  of  the  stroke.  It  is  not  to  be  expected 
that  the  expansion  curve  of  any  diagram  taken  in  prac- 
tice will  conform  strictly  to  the  lines  of  the  isothermal 
curve,  especially  towards-  the  latter  end  of  the  stroke, 
owing  to  the  re^vaporation  of  water  resulting  from  the 
condensation  of  steam  which  was  retained  in  the  cylinder 
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by  the  closing  of  the  exhaust  valve.  This  re^vaporation 
commences  just  as  soon  as  the  temperature  of  the  steam, 
owing  to  the  reduction  of  pressure  due  to  expansion, 
falls  below  the  temperature  of  the  cylinder  walls,  and  it 
continues  at  an  increasing  rate  until  release  occurs.  The 
tendency  of  this  reevaporation  or  generation  of  steam 
within  the  cylinder  dxiring  the  latter  portion  of  the 
stroke  is  to  raise  the  terminal  pressure  considerably 
above  what  it  would  be  if  true  isothermal  expansion  took 
place.  The  terminal  pressure  may  also  be  augmented 
by  a  leaky  steam  valve,  while,  on  the  other  hand,  a 
leaky  piston  would  cause  a  lowering  of  the  terminal 
and  an  increase  in  the  back  pressure. 
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Pig.  152. 

The  Adiahatic  Curve.  If  it  were  possible  to  so  pro- 
tect or  insulate  the  cylinder  of  a  steam  engine  that  there 
would  be  absolutely  no  transmission  of  heat  either  to  or 
from  the  steam  during  expansion,  a  true  adiabatic  curve 
or  "curve  of  no  transmission"  might  be  obtained.  The 
closer  the  actual  expansion  curve  of  a  diagram  conforms 
to  such  a  curve,  the  higher  will  be  the  eflReiency  of  the 
engine  as  a  machine  for  converting  heat  into  work. 


ADIABATIC  CURVE  373 

Pig.  152  illustrates  a  method  of  figuring  a  curve  which, 
while  not  strictly  adiabatic,  will  be  near  enough  for  all 
practical  purposes,  while  at  the  same  time  it  will  give 
the  student  an  opportunity  to  study  the  laws  governing 
the  expansion  of  saturated  steam. 

To  draw  the  curve,  first  locate  the  clearance  and  vac- 
uum lines  V  S  and  V  V.  Next  locate  point  R  in  the 
expansion  curve  near  where  release  begins,  making  this 
the  starting  point,  and  also  the  point  of  coincidence  of 
the  expansion  curve  with  the  adiabatic  curve.  The  other 
points  in  the  curve  are  located  from  the  volumes  of 
steam  at  diflferent  pressures  during  expansion ;  the  pres- 
sures being  measured  from  the  line  of  perfect  vacuum, 
and  the  volumes  from  the  clearance  line. 

The  absolute  pressure  at  R,  Fig.  152,  is  26  lbs.  From 
point  R  erect  the  perpendicular  R  T.  Also  draw  hori- 
zontal line  R  26  parallel  with  the  vacuum  line  and  at  a 
height  equal  to  26  lbs.  above  vacuum  line  V  V,  as  shown 
by  the  scale,  which  in  this  case  was  40.  The  length  of 
line  R  26,  measured  from  R  to  the  clearance  line,  is 
3  1/16  in.,  or  3.0625  in.  By  reference  to  Table  10  it 
will  be  seen  that  the  volume  of  steam  at  26  lbs.  absolute, 
as  compared  with  water  at  39°,  is  962.  Now  if  the 
length  of  line  R  26  be  divided  by  this  volume,  and  the 
quotient  multiplied  by  each  of  the  volumes  of  the  other 
pressures  represented  at  points  30,  35,  40,  45,  etc.,  up 
to  the  initial  pressure,  the  products  will  be  the  respective 
distances  from  the  clearance  line  of  points  in  the  adia- 
batic curv€.  These  points  can  be  marked  on  the  hori- 
zontal lines  drawn  from  the  clearance  line  to  line  R  T. 

Starting  with  line  R  26,  it  has  been  noted  that  its 
length  is  3.0625  in.,  and  that  the  volume  was  962.  3.0625 
-r-962=.0O3.     Then  the  volume  of  steam  at  30  lbs.  is 
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841,  which  being  multiplied  by  .003=2.5  in.,  the  length 
of  line  30.  Next  the  volume  at  35  lbs.=728.  Multiply- 
ing this  volume  by  .003=2.1  in.,  length  of  line  35,  and 
so  in  like  manner  for  each  of  the  other  points. 

The  process  involves  coneiderable  figuring  and  careful 
and  accurate  measurements,  which  should  be  made  with 
a  steel  rule  with  decimal  graduations.  It  is  not  expected 
that  the  cut  Fig.  152  will  be  found  accurate  enough  in 
its  measurements  to  serve  as  a  standard;  it  being  in- 
tended only  to  serve  as  an  illustration  of  the  process. 
The  diagram  from  which  the  illustration  was  drawn  was 
taken  from  a  600  H.  P.  engine  situated  some  200  ft. 
from  the  boilers,  and  there  \7as  a  considerable  cooling 
of  the  steam  by  the  time  it  reached  the  engine,  the  effect 
of  which  is  apparent.  The  curve  prodticed  by  the  meas- 
urements is  shown  by  the  broken  line.  The  process  can 
be  applied  to  any  diagram. 

Power  Calculations.  The  area  of  the  piston  (minus 
one-half  the  area  of  rod)  multiplied  by  the  M.  E.  P.,  as 
shown  by  the  diagram,  and  this  product  multiplied  by 
the  number  of  feet  traveled  by  the  piston  per  minute 
(piston  speed)  will  give  the  number  of  foot  pounds  of 
work  done  by  the  engine  each  minute,  and  if  this  prod- 
uct be  divided  by  33,000,  the  quotient  will  be  the  indi- 
cated horse  power  (I.  H.  P.)  developed  by  the  engine. 

Therefore  one  of  the  first  requisites  in  power  calcula- 
tions is  to  ascertain  the  M.  E.  P.  Beginning  with  the 
most  simple,  though  only  approximately  correct,  method 
of  obtaining  the  average  pressure,  as  illustrated  by  Fig. 
153,  draw  line  A  B  touching  at  A  and  cutting  the  dia- 
gram in  such  manner  that  the  space  D  above  it  will  equal 
in  area  spaces  C  and  E  taken  together,  as  nearly  as 
can  be  estimated  by  the  eye.    Then  with  the  scale  meas- 
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tire  the  pressure  aJbng  the  line  F  G  at  tfae  middle  of  the 
diagram,  which  will  be  the  M.  E.  P. 

The  process  is  based  upon  the  theory  that  the  average 
width  of  any  tapering  figure  is  its  width  at  the  middle 
of  its  length.  This  method  should  not  be  relied  upon 
as  accurate,  but  is  convenient  at  times  when  it  is  desired 
to  make  a  rough  estimate  of  the  horse  power  of  an 
engine. 


Figuring  the  M,  E.  P.  hy  Ordinates.  This  is  a  very 
common  method  and  one  which  can  be  relied  upon  to 
give  accurate  results,  provided  care  is  exercised  in 
its  use. 

The  process  consists  in  drawing  any  convenient  num- 
ber of  vertical  lines  perpendicular  to  the  atmospheric 
line  across  the  face  of  the  diagram,  spacing  them  equally, 
with  the  exception  of  the  two  end  spaces,  which  should 
be  one-half  the  width  of  the  others  for  the  reason  that 
the  ordinates  stand  for  the  centers  of  equal  spaces,  as 
for  instance,  line  1,  Fig.  154,  stands  for  that  portion  of 
the  diagram  from  the  end  to  the  middle  of  the  space 
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between  it  and  line  2.  Again,  line  2  stands  for  the  re- 
maining half  of  the  second  space  and  the  first  half  of 
the  third,  and  so  on.  This  is  an  important  matter,  and 
should  be  thoroughly  understood,  because  if  the  spaces 
are  all  made  of  equal  width,  and  measurements  are  taken 
on  the  ordinates,  the  results  will  be  incorrect,  especially 
in  the  oase  of  high  initial  pressure  and  early  cut  off, 
following  which  the  steam  undergoes  great  changes. 


2Jf.  7/    •  >»^^' 


Fig.  164. 


If  the  spaces  are  all  made  equal,  the  measurements 
will  require  to  be  taken  in  the  middle  of  them,  and 
errors  are  liable  to  occur,  whereas  if  spaced  as  before 
described,  the  measurements  can  be  made  on  the  or- 
dinates, which  is  much  more  convenient  and  will  insure 
correct  results.  Any  number  of  ordinates  can  be  drawn, 
but  ten  is  the  most  convenient  and  is  amply  sufficient, 
except  in  case  the  diagram  is  excessively  long.  For 
spacing  the  ordinates,  dividers  may  be  used,  or  a  parallel 
ruler  may  be  procured  from  the  makers  of  the  indicator ; 
but  one  of  the  most  convenient  and  easily  procurable 
instruments  for  this  purpose  is  a  common  two-foot  rule, 
and  the  method  of  using  it  is  illustrated  in  Fig.  154. 


POWER  CALCULATIONS  377 

First  draw  vertical  lines  at  each  end  of  the  diagram, 
perpendicular  to  the  atmospheric  line  and  extending 
downwards  to  the  vacuum  line,  or  below  it  if  necessary, 
in  order  to  have  a  point  on  which  to  lay  the  rule.  In 
Pig.  154  points  A  and  B  are  found  to  be  the  most  con- 
venient. Now  lay  the  rule  diagonally  across  the  dia- 
gram, touching  at  A  and  6,  and  the  distance  will  be 
found  to  be  3%  in.,  or  60  sixteenths. 

Suppose  it  be  desired  to  draw  10  ordinates.  Divide 
60  by  10,  which  will  give  6  sixteenths,  or  %  in.  as  the 
width  of  the  spaces,  but  as  the  two  end  spaces  are  to 
be  one-half  the  width  of  the  others,  there  will  be  11 
spaces  altogether,  the  two  outer  ones  having  a  width 
equal  to  one-half  of  %  or  3/16.  Now  apply  the  rule 
again  in  the  same  manner,  touching  at  points  A  and  B, 
and  with  a  sharp  pointed  pencil  begin  at  A  and  mark 
the  location  of  the  first  ordinate  according  to  the  rule, 
at  a  distance  of  3/16  from  the  end.  Then  %  from  this 
mark  make  another  one,  which  will  locate  the  second 
ordinate,  and  proceed  in  like  manner  to  locate  the 
others.  The  last  two  or  three  marks  generally  come 
below  the  diagram,  and  if  the  diagram  be  taken  from  a 
condensing  engine  it  may  be  necessary  to  tack  it  on  to 
a  larger  sheet  of  paper  in  order  to  get  these  points. 
Having  correctly  located  the  ordinates,  they  may  now 
be  drawn  perpendicular  to  the  atmospheric  line  or  vac- 
uum line,  either  of  which  will  answer. 

It  should  be  noted  that,  owing  to  the  diagonal  posi- 
tion of  the  rule  with  relation  to  the  atmospheric  line, 
the  spaces  are  not  of  the  actual  width  as  described  by 
the  rule,  but  this  is  unimportant,  so  long  as  they  are  of 
a  uniform  width.  This  method  can  be  applied  to  any 
diagram,  no  matter  what  its  length  may  be,  and  point 
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B  may  be  located  at  any  distance  below  the  atmos- 
pheric or  vacuum  lines,  wherever  it  is  the  most  con- 
venient for  the  subdivisions  on  the  rule,  sixteenths, 
eighths,  etc.,  so  long  as  it  is  in  line  with  the  end  of 
the  diagram.  Having  thus  drawn  the  ordinates,  the 
M.  E.  P.  may  be  found  by  measuring  the  pressure 
expressed  by  each  one,  using  for  this  purpose  the  scale 
adapted  to  the  spring  used,  adding  all  together  and 
dividing  by  the  number  of  ordinates,  which  will  give 
the  average  pressure. 

Referring  to  Pig.  154,  begin  with  ordinate  No.  1  on 
the  diagram,  from  the  head  end  of  the  cylinder.  In 
this  case  a  40  spring  was  used.  Lay  the  scale  on  the 
ordinate  with  the  zero  mark  where  it  intersects  the 
compression  curve.  The  pressure  is  seen  to  be  49  lbs. 
Set  this  down  at  that  end  of  the  card  and  measure  the 
pressure  along  ordinate  No.  2,  which  is  55  lbs.  Pro- 
ceed in  this  manner  to  measure  all  the  ordinates,  plac- 
ing the  resulting  figures  in  a  column,  after  which  add 
them  together  and  divide  by  10.  The  result  is  26.71 
lbs.,  which  is  the  mean  forward  pressure  (M.  P.  P.). 
To  obtain  the  mean  effective  pressure,  deduct  the  back 
pressure,  which  is  represented  by  the  distance  of  the 
exhaust  line  of  the  diagram  above  the  atmospheric  line 
in  a  non-condensing  engine,  and  in  a  condensing  engine 
the  back  pressure  is  measured  from  the  line  of  perfect 
vacuum,  14.7  lbs.,  according  to  the  scale  below  the 
atmospheric  line. 

In  Fig.  154  the  back  pressure  is  found  to  be  3  lbs. 
Therefore  the  M.  E.  P.  of  the  head  end  will  be  26.71  — 
3  =  23.71  lbs.  On  the  crank  end  the  M.  P.  P.  is  27.23 
lbs.,  and  27.23  —  3  =  24.23  lbs.  =  M.  E.  P.  The 
average  effective  pressure  on  the  piston,  therefore,  will 
be  23.71  +  24.23  -r-  2  =  23.97  lbs. 
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Unless  great  care  is  exercised  in  the  measurements, 
errors  are  liable  to  occur  in  applying  this  method,  espe- 
cially with  scales  representing  high  pressures,  as  60, 
80,  etc.  The  most  convenient  and  reliable  method  is  to 
take  a  narrow  strip  of  paper  of  sufficient  length,  and 
starting  at  one  end,  apply  its  edge  to  each  ordinate 
in  succession  and  mark  their  lengths  on  it  consecu- 
tively with  the  poinit  of  a  knife  blade  or  a  sharp  pen- 
cil. Having  thus  marked  on  the  paper  the  total  length 
of  all  the  ordinates,  ascertain  the  number  of  inches  and 
fractions  of  an  inch  thereon,  the  fractions  to  be  ex- 
pressed decimally,  and  divide  by  the  number  of  ordi- 
nates. The  quotient  will  be  the  average  height  of  the 
diagram,  and  as  the  scale  expresses  the  number  of 
pounds  pressure  for  each  inch  or  fraction  of  an  inch  in 
height,  if  the  average  height  of  the  diagram  be  multi- 
plied by  the  number  of  the  scale,  the  product  will  be 
the  M.  P.  P. 

Referring  again  to  Fig.  154,  if  the  lengths  of  the 
ordinates  drawn  on  the  head  end  diagram  be  measured, 
their  sum  will  be  found  to  be  6  8/12  or  6.666  in.  Divid- 
ing this  by  10  gives  .666  in.  as  the  average  height.  The 
mesn  forward  pressure  will  then  be  as  follows:  .666 
X  40  =  26.64  lbs.,  or  practically  the  same  as  found  by 
the  other  method. 

Pig.  155  illustrates  a  type  of  diagram  frequently  met 
with,  and  one  which  requires  somewhat  different  treat- 
ment in  estimating  the  power  developed.  It  will  be 
noticed  that,  owing  to  light  load  and  early  cut  off,  the 
expansion  curve  drops  considerably  below  the  atmos- 
pheric line,  notwithstanding  that  the  engine  from  which 
this  diagram  was  taken  is  a  non-condensing  engine. 
"When  release  occurs  at  R,  and  the  exhaust  side  of  the 
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piston  is  exposed  to  the  atmosphere,  the  pressure  imme- 
diately rises  to  a  point  equal  to,  or  slightly  above,  that 
of  the  atmosphere. 

Fig.  155  was  taken  during  a  series  of  experiments 
made  by  the  author  for  .the  purpose  of  ascertaining  the 
friction  of  shafting  and  machinery,  and  the  engine  it 
was  obtained  from  is  a  Buckeye  24x48  in.  The  boiler 
pressure  at  th-e  time  was  only  40  lbs.,  and  a  No.  20 
spring  was  used.  The  orddnates  are  drawn  according 
to  the  method  illustrated  in  Pig.  154.    By  placing  the 


u 
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Fig.  165. 

rule  on  points  A  and  B,  the  distance  between  those 
two  points  is  found  to  be  3%  in.,  or  58  sixteenths. 
Dividing  this  by  10  gives  5.8  sixteenths,  or  nearly  % 
in.,  as  the  width  of  the  spaces;  the  two  end  spaces  being 
one-half  of  this,  or  3/16  in.  wide.  The  first  five  ordi- 
nates,  counting  from  A,„  express  forward  pressure,  rep- 
resented by  the  arrows.  The  remaining  five  ordinates, 
counting  from  B,  express  counter  or  back  pressure,  rep- 
resented by  the  arrows  pointing  in  the  opposite  direc- 
tion.   Measuring  the  pressures  along  the  first  five  ordi- 
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nat€9,  and  iadding  them  together,  gives  63.1  lbs.,  which 
divided  by  5,  gives  12.65  lbs.  as  the  mean  forward 
pressure  (M.  F.  P.). 

Then  figuring  up  the  counter  pressure  in  the  same 
manner  on  the  other  five  ordinates,  beginning  at  B, 
the  result  is  4.25  lbs.  The  M.  E.  P.  therefore  will  be 
12.65  —  4.25  =  8.4  lbs. 
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Obtaining  the  M.  E.  P.  with  the  Planimeter.  The 
area  of  the  diagram  represents  the  actual  work  done  by 
the  steam  acting  upon  the  piston.  In  a  non-condensing 
engine  the  lower  or  exhaust  line  of  the  diagram  must 
be  either  coincident  with  or  slightly  above  the  atmos- 
pheric line  in  ord'er  to  express  positive  work.  Any 
deviation  of  this  line,  either  above  or  below  the  atmos- 
pheric line,  represents  counter  pressure,  the  amount  of 
which  may  be  ascertained  by  measurements  with  the 
scale,  and  should  be  deducted  from  the  mean  forward 
pressure. 

On  the  other  hands  the  exhaust  line  of  a  diagram 
from  a  condensing  engine  falls  more  or  less  below  the 
atmospheric  line,  according  to  the  degree  of  vacuum 
maintained,  and  the  nearer  this  line  approaches  the 
line  of  perfect  vacuum,  ae  drawn  by  the  scale,  14.7  lbs, 
below  the  atmospheric  line,  the  less  wiH  be  the  counter 
pressure,  which  in  this  case  is  expressed  by  the  distance 
the  exhaust  line  is  above  that  of  perfect  vacuum. 

The  prime  requisite  therefore  in  making  power  cal- 
culations from  indicator  diagrams  is  to  obtain  the  aver- 
age height  or  width  of  the  diagram,  supposing  it  were 
reduced  to  a  plain  parallelogram  instead  of  the  irregu- 
lar figure  which  it  is. 

The  planimeter,  Figs.  156  and  157,  is  an  instrument 
which  will  accurately  measure  the  area  of  any  plane 
surface,  no  matter  how  irr^ular  the  outline  or  bound- 
ary line  is,  and  it  is  particularly  adapted  for  measuring 
the  areas  of  indicator  diagrams,  and  in  cases  where 
there  are  many  diagrams  to  work  up,  it  is  a  very  con- 
venient instrument  and  saves  much  time  and  mental 
effort  In  fact,  the  planimeter  has  of  late  years  be- 
come an  almost  indispensable  adjunct  of  the  indicator. 
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It  shows  at  once  the  area  of  the  diagram  in  square 
inches  and  decimal  fractions  of  a  square  inch,  and  when 
the  area  is  thus  known  it  is  an  easy  matter  to  obtain 
the  average  height  by  simply  dividing  the  area  in  inches 
by  the  length  of  the  diagram  in  inches.  Having  ascer- 
tained the  average  height  of  the  diagram  in  inches  or 
fractions  of  an  inch  the  mean  or  average  pressure  is 


Pig.  167. 

found  by  multiplying  the  height  by  the  scale.  Or  the 
process  may  be  made  still  more  simple  by  first  multi- 
plying the  area,  as  shown  by  the  planimeter  in  square 
inches  and  decimals  of  an  inch,  by  the  scale,  and  divid- 
ing the  product  by  the  length  of  the  diagram  in  inches. 
The  result  will  be  the  same  as  before,  and  troublesome 
fraction?  will  be  avoided. 


QUESTIONS. 

170.  Into  what  two  general  classes  are  steam  engines 
divided. 

Ans,   Simple  and  compound. 

171.  Describe  a  simple  engine. 

Ans,  A  simpk  engine  may  be  either  condensing  or 
non-condensing,  but  its  leading  characteristic  is,  that 
the  steam  is  used  in  but  one  cylinder. 

172.  What  is  a  condensing  .engine? 

Ans,  One  in  which  the  exhaust  steam  is  passed  into 
an  air-tight  vessel  in  which  a  vacuum  is  maintained, 
the  exhaust  steam  being  there  condensed  by  coming  in 
contact  with  cold  water,  or  a  series  of  tubes  through 
which  cold  water  is  being  circulated. 

173.  Describe  a  compound  engine? 

Ans,  A  compound  engine  is  one  in  which  the  steam 
is  made  to  do  work  in  two  or  more  cylinders  before  it 
is  allowed  to  exhaust. 

174.  How  is  this  accomplished? 

Ans.  By  causing  the  exhaust  steam  from  the  first, 
or  high  pressure  cylinder,  to  pass  into  a  second  cylin- 
der of  larger  diameter,  and,  if  the  engine  be  triple  or 
quadruple  expansion,  from  thence  into  a  third  or  fourth 
cylinder,  the  diameters  of  which  increase  in  regular  ratio. 

175.  What  is  a  non-condensing  engine? 

Ans,  One  from  which  the  steam  exhausts  directly 
into  the  atmosphere,  or  is  used  for  heating  purposes 
before  passing  out  into  the  open  air. 

176.  What  disadvantage  dbes  a  non-oondensing  en- 
gine constantly  labor  under? 
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Ans,  The  pressure  of  the  atmosphere  amounting  to 
14.7  lbs.  per  sq.  in.  is  constantly  in  resistance  to  the 
motion  of  the  piston. 

177.  Mention  several  other  causes  that  tend  to  in- 
crease the  back  pressure  upon  the  piston  of  a  non-con- 
densing  engine. 

Ans.  The  resistance  of  bends  and  turns  in  the  ex- 
haust pipe,  also  causing  the  exhaust  to  pass  through 
feed  water  heaters  or  heating  coils. 

178.  "What  is  back  pressure? 

Ans.  Pressure  that  tends  to  retard  the  forward  stroke 
of  the  piston. 

179.  What  advantage  has  a  condensing  engine  over 
a  non-condensipg  engine? 

Ans.  The  atmospheric  pressure  is  removed  from  in 
front  of  the  piston  to  a  d^ree  corresponding  to  the 
height  of  the  vacuum  that  is  m-aintained  in  the  oon- 
deuser. 

180.  How  many  classes  of  condensers  are  there  in 
general  use? 

'  Ans.    Two;  jet  condensers  and  surface  condensers. 

181.  Describe  a  jet  condenser. 

Ans.  One  in  which  the  steam  is  exhausted  into  an 
air-tight  vessel,  and  is  there  condensed  by  coming  in 
contact  with  a  jet  or  spray  of  cold  water. 

182.  How  is  this  water  removed? 

Ans.  By  means  of  the  air  pump,  which  also  main- 
tains a  vacuum  in  the  condenser. 

183.  Describe  a  surface  condenser. 

Ans.  It  is  an  air-tight  vessel,  either  cylindrical  or 
rectangular  i^  shape,  fitted  with  a  large  number  of 
brass  or  copper  tubes,  of  small  diameter,  through  which 
the  cold  water  is  forced  by  the  circulating  pump.     A 
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vacuum  is  maintaiDed  in  the  body  of  the  condenser  by 
the  air  pump,  and  the  steam  exhausted  into  this  is  con^ 
densed  by  coming  in  contact  with  the  cool  surface  of 
the  tubes.  In  some  cases  the  steam  passes  through  the 
tubes  in  place  of  around'  them,  the  condensing  water  be- 
ing  forced  into  and  through  the  body  of  the  condenser, 
and  the  vacuum  beipg  maintained  in  the  tubes. 

184.  Describe  an  injector  condenser. 

Ans.  A  condenser  in  which  the  cold  water  is  forced 
through  an  annular  enlargement  of  the  exhaust  pipe, 
and  passing  down  into  a  nozzle  which  gradually  con- 
tracts. The  exhaust  steam  entering  at  the  same  time 
is  condensed,  the  water  rushing  through  the  nozzle  with 
a  velocity  sufficient  to  create  a  vacuum. 

185.  About  what  quantity  of  water'  is  required  per 
horsepower  per  hour  to  condense  the  exhaust  steam  from 
an  engine? 

Arts.  About  38  to  40  gals.,  depending  upon  the  tem- 
perature of  the  condensing  water. 

186.  What  three  factors  are  necessary  to  insure  good 
economy  with  multiple  cylinder  engines? 

An$.    First — A  high  initial  pressure. 

Second — Expansion  of  the  steam  to  greatest 
extent  possible. 

Thirdr^Protecting  the  surfaces  of  the  cylin- 
ders from  cooling  influences. 

187.  Describe  a  cross  compound  engine. 

Ans,  An  engine  consisting  of  two  cylinders,  each  hav- 
ing its  own  connecting  rod  and  crank,  the  cranks  being 
set  at  opposite  ends  of  the  engine  shaft,  and  at  an  angle 
of  90^  to  each  other.  The  high  pressure  cylinder  ex- 
hausts into  the  low  pressure  cylinder,,  usually  through 
a  receiver. 
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188.  Describe  a  tandem  compound  engine. 

Ans.  An  engine  having  the  two  cylinders  arranged 
tandem  to  each  other,  with  a  common  piston  rod  and 
connecting  rod. 

189.  Whait  advantage  is  gained  by  this  design? 
Ans.    A  much  shorter  and  more  direct  route  for  the 

exhaust  steam  in  its  passage  from  the  high  to  the  low 
pressure  cylinder. 

190.  What  are  some  of  the  pointers  gained  by  the 
use  of  the  indicator? 

Ans.    First — It  shows  the  average  pressure  upon  the 
piston  throughout  the  stroke. 
Second — It  shows  the  action  of  the  valve  or 
valves  in  adimission,  cut  oflE  and  release  of 
the  steam. 

191.  What  is  meant  by  absolute  pressure? 

Ans.  Pressure  reckoned  from  a  perfect  vacuum.  It 
equals  the  boiler  pressure  plus  the  atmospheric  pressure. 

192.  What  is  boiler  or  gauge  pressure? 
Ans.    Pressure  above  atmospheric  pressure. 

193.  What  is  initial  pressure? 

Ans.    Pressure  in  the  cylinder  at  beginning  of  stroke. 

194.  What  is  terminal  pressure? 

Ans.    Pressure  in  the  cylinder  at  end  of  the  stroke. 

195.  What  is  mean  effective  pressure? 

Ans.  The  average  pressure  acting  upon  the  piston 
throughout  the  stroke. 

196.  What  is  ratio  of  expansion  ? 

Ans.  A  comparison  of  the  volume  of  steam  in  the 
cylinder  at  point  of  release  with  the  volume  at  point  of 
cut  off. 

196a.    What  is  condenser  pressure? 
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Ans.  Pressure  existing  in  the  condenser,  due  to  lack 
of  a  perfect  vacuum. 

197.  What  is  a  perfect  vacuum? 

Ans,  That  condition  existing  within  a  closed  vessel 
from  which  all  matter,  including  air,  has  been  expelled. 

197a.  Can  the  vacuum  in  the  condenser  of  an  engine 
be  considered  as  power? 

Arts.  It  cannot,  yet  its  existence  there  increases  the 
capacity  of  the  engine  for  doing  work. 

198.  What  is  absolute  zero? 

Ans,    A  temperature  461.2°  below  zero  Fahr. 

199.  What  is  piston  displacement? 

Ans,  The  volume  or  space  swept  through  by  the 
piston  in  a  single  stroke. 

200.  What  is  piston  clearance? 

Ans,  The  distance  between  the  piston  and  cylinder 
head  when  the  piston  is  at  the  end  of  the  stroke. 

201.  What  is  steam  clearance? 

Ans,  The  space  between  the  piston  at  Jhe  end  of  tiie 
stroke  and  the  valve  face. 

202.  What  is  a  horsepower? 

Ans,  33,000  lbs.  raised  one  foot  high  in  one  minute 
of  time. 

203.  What  is  indicated  horsepower? 

Ans,  The  horsepower  as  shown  by  the  indicator  dia- 
gram. 

204.  What  is  piston  speed? 

Ans,  The  distance  in  feet  traveled  by  the  piston  in 
one  minute  of  time. 

205.  Define  Boyle's  Law. 

Ans.  The  pressure  of  a  gas  at  a  constant;  temperature 
varies  inversely  as  the  space  it  occupies. 

206.  What  is  an  adiabatic  curve  f 
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Ans.  A  curv€  showing  the  expansion  of  a  gas  which 
loses  no  heat  while  expanding. 

207.  What  is  an  isothermal  curvet 

Ans,  A  curve  showing  the  expansion  of  a  gas  having 
a  constant  temperature,  but  partially  influenced  by 
moisture. 

208.  What  is  an  expansion  curve? 

Ans.  The  curve  traced  upon  paper  by  the  indicator 
pencil,  showing  the  actual  expansion  of  the  steam  in 
the  cylinder. 

209.  What  is  the  first  law  of  thermodynamics? 
Ans.    Heat  and  mechanical  energy  are  mutually  con- 
vertible. 

210.  What  is  power? 

Ans.  The  rate  of  doing  work,  or  the  number  of  foot 
pounds  exerted  in  a  given  time. 

211.  What  is  a  foot  pound? 

Ans.  The  unit  of  work,  or  ihe  raising  of  one  pound 
one  foot  high. 

212.  What  is  the  first  law  of  motion? 

Ans.  All  bodies  continue  either  in  a  state  of  rest  or 
of  uniform  motion  in  a  straight  line,  except  in  so  far 
as  they  may  be  compelled  by  impressed  forces  to  change 
that  state. 

213.  What  is  work? 

Ans.  The  product  of  the  pressure  or  force  exerted 
upon  a  body,  multiplied  by  the  distance  passed  through 
in  a  given  time. 

214.  What  is  momentum? 

Ans.    The  product  of  mass  and  density. 

215.  What  is  dynamics? 

Ans.    The  science  of  moving  powers, 

216.  What  is  force? 
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Ans.  That  which  alters  the  motion  of  a  'body,  or  puts 
in  motion  a  body  that  was  at  rest. 

217.  What  is  the  mechanical  equivalent  of  heat? 
Ans.    778  foot  pounds. 

218.  What  is  steam  efficiency? 

Ans.  Heat  converted  into  useful  work,  divided  by 
heat  expended. 

219.  How  can  maximum  efficiency  be  obtained  in  a 
steam  engine? 

Ans.  By  using  the  steam  at  as  high  an  initial  pres- 
sure as  safety  permits,  and  at  as  large  a  ratio  of  expan- 
sion as  x>os6ible. 

220.  Whait  is  meant  by  steam  consumption  of  an 
engine  ? 

Ans.  The  weight  in  pounds  of  steam  used  in  one 
hour,  divid'ed  by  the  horsepower  developed. 

221.  What  is  an  eccentric? 

Ans.  A  mechanical  device  used  in  place  of  a  crank 
for  converting  rotary  into  reciprocating  motion.  Its 
center  of  rotation  is  apart  from  its  center  of  formation. 

222.  What  is  eccentric  throw? 

Ans.  The  distance  from  the  center  of  the  shaft  to 
the  center  of  the  eccentric. 

223.  What  is  eccentric  position? 

Ans.  The  location  of  the  highest  point  of  the  eccen- 
tric relative  to  the  center  of  the  crank  pin,  expressed 
in  degrees. 

224.  What  is  angular  advance  t 

Ans.  The  distance  that  the  high  point  of  the  eccen- 
tric is  set  ahead  of  a  line  at  right  angles  with  the  crank. 

225.  What  is  valve  travel? 

Ans.  The  distance  covered  by  the  valve  in  its  move- 
ment.   It  equals  twice  the  throw  of  the  eccentric. 
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S26.    What  is  lap  t 

Ans.  The  amount  that  the  valve  projects  over  the 
edges  of  the  ports  when  the  valve  is  at  mid  travel. 

227.  What  is  lead? 

Ans.  The  amount  that  the  port  is  open  when  the 
crank  is  on  the  diead  center. 

228.  Wliat  is  meant  by  dead  center? 

Ans.  That  position  of  the  moving  parts  of  the  en- 
gine when  the  center  of  the  crank  pin  and  the  center 
of  the  piston  rod  are  exactly  in  line. 

229.  What  is  the  object  of  giving  a  valve  lead? 
Ans.     To  supply  a  cushion  of  live  steam  to  quicken 

the  action  of  the  piston  in  beginning  the  stroke. 

230.  What  is  compression? 

Atis.  Closing  of  th<?  exhaust  passage  before  the  steam 
is  entirely  released,  thus  compressing  it  in  the  clearance 
space. 

231.  Give  the  rule  for  calculating  the  horsepower 
developed  by  an  engine. 

Ans.  Area  of  piston  multiplied  by  the  M.  E.  P.,  mul- 
tiplied by  piston  speed,  divided  by  33,000. 

232.  What  is  a  planimeter? 

Ans.  An  instrument  that  will  accurately  measure  the 
area  of  any  plane  surface,  no  matter  how  irregular  it 
may  be. 


VALVE  ADJUSTMENT. 

It  goes  without  saying  that  €very  man  who  aspires  to  be 
an  engineer  should  endeavor  to  thoroughly  acquaint  him- 
self with  the  printjiples  governing  the  action  of  valves  as 
well  as  the  details  of  valve  adjustment.  But  it  must  be 
remembered  that  this  knowledge  cannot  be  acquired  in 
a  day  or  a  week,  or  even  months.  True,  a  man  may  be 
able  to  learn  some  of  the  alphabet  of  valve  lore  in  a 
comparatively  short  time,  but  the  more  practical  expe- 
rience he  has  in  the  work  the  more  will  he  realize  the 
supreme  need  of  mastering  all  the  details  of  the  process. 

The  common  D  slide  valve,  simple  as  it  appears,  is 
capable  of  furnishing  problems  over  which  savants  have 
puzzled  themselvea 

The  development  of  the  full  amount  of  power  of 
which  the  engine  is  capable,  its  efficiency  and  economi- 
cal use  of  steam  and  its  regular  and  quiet  action  are, 
in  the  largest  degree,  dependent  upon  the  correct  adjust- 
ment of  its  valve  or  valves. 

There  are  many  different  types  of  valves  for  control- 
ling the  admission  and  release  of  steam  to  and  from  the 
cylind'ers  of  engines,  but  the  basic  principles  governing 
the  adjustment  of  all,  whether  slide,  poppet,  rotative, 
piston,  etc.,  are  exemplified  in  the  action  of  the  common 
D  slide  valve,  viz.,  the  admission  of  the  steam  to  the 
cylinder,  its  cut  off  and  release,  and  the  closure  of  the 
exhaust,  each  and  all  of  which  events  are  to  take  place 
at  the  proper  moment  during  one  stroke  of  the  piston. 

In  order  to  properly  perform  these  important  fimc- 
392 


VALVE  ADJUSTMENT 


393 


tions  the  valve  must  liave  lead  and  lap.  The  various 
terms  relating  to  valve  action  are  plainly  defined  in 
'* Definitions,"  and  it  is  unnecessary  to  repeat  them 
here.  If  the  outside  lap  is  increased  admission  will  be 
later  and  cut  off  earlier,  and  if  it  be  desired  to  keep  the 
lead  the  same  it  will  be  necessary  to  move  the  eccentric 
forward,  which  will  make  the  other  events,  cut  oflf, 
release  and  compression,  earlier  also.  If  the  inside  lap 
is  increased  the  result  will  be  an  earlier  closing  of  the 
exhaust  and  increased  compression. 
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Fig.  168. 


These  propositions  refer  mainly  to  engines  of  the 
single  valve  variety  in  which  one  valve  controls  the 
admission  and  distribution  of  the  steam  for  both  ends 
of  the  cylinder.  In  engines  of  the  four-valve  type,  hav- 
ing a  separate  steam  and  exhaust  valve  for  each  end  of 
the  cylinder,  each  individual  valve  may  be  adjusted  in- 
dependently of  the  others,  as  will  be  explained  later 
on,  and  in  the  case  of  engines  having  separate  eccentrics, 
one  for  the  steam,  and  one  for  the  exhaust  valves,  the 
adjustment  becomes  still  more  perfect. 

We  will  first  study  the  action  of  the  D  slide  valve  by 
referring  to  Fig.  158,  which  is  a  sectional  view  of  a 
valve,  valve  seat  and  ports.  The  valve  is  represented 
at  mid  travel  or  in  its  central  position.    S  P,  S  P  are 
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the  steam  ports,  and  E  P  is  the  exhaust  port.  The 
projections  marked  X  at  each  foot  of  the  arch  inside 
the  valve  represent  insidie  lap,  and  may  be  added  to  or 
taken  from  the  insidie  edges  of  the  valve,  according  as 
more  or  less  compression  is  desired.  The  dotted  lines, 
0  L,  0  L   represent  outside  lap. 

Motion  is  imparted  to  the  valve  through  the  medium 
of  the  eccentric.  If  the  valve  had  neither  lap  nor  lead 
the  position  of  the  eccentric  on  the  crank  shaft  would 
be  just  90^,  or  one-quarter  of  a  circle,  ahead  of  the 
crank,  but  as  more  or  less  lap  as  well  as  lead  is  required, 
it  becomes  necessary  to  move  the  eccentric  srtiU  farther 
ahead  of  the  crank,  and  this  farther  advance  is  termed 
angular  adivance,  lap  angle  for  lap,  and  lead  angle  for 
lead. 


Fig.  159. 

Assuming  the  piston  to  be  at  the  end  of  the  stroke 
towards  the  crank,  in  other  words,  the  engine  to  be  on 
the  dead  center,  the  first  function  of  the  valve  is  lead 
or  admission,  illustrated  by  Fig.  159.  Owing  to  the 
valve  having  both  lap  and  lead',  the  position  of  the 
highest  point  of  the  eccentric  will  be  assumed  in  this 
case  to  be  120°  ahead  of  the  crank,  the  position  of  the 
latter  being  at  0°. 

Exhaust  opening  has  also  occurred  at  the  opposite 
end  of  the  cylinder.    The  second  function  is  full  port 
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opening,  Fig.  160,  the  crank  having  moved  through  60^ 
and  the  ecoentrie  is  now  at  180°,  the  farthest  point  of 
its  throw  in  that  direction,  the  valve  being  at  the  end 
of  its  travel.  At  this  point  it  might  be  well  to  note  a 
matter  about  which  some  persons  are  liable  to  become 
confused,  simple  as  it  is,  viz..  thaft  the  travel  of  a  slide 
valve  equals  twice  the  port  opening  plus  twice  the  out- 
side lap.  For  instance,  suppose  the  width  of  each 
steam  port  to  be  1^4  in.  and  the  outside  lap  to  be  1  in. 
In  Fig.  160  the  valve  is  at  the  extreme  end  of  its  travel 


V\g.  160. 

towardls  the  right  and  is  about  to  return.  It  first  covers 
port  number  one  =  1^  in.  Next  it  moves  to  mid 
travel  lap  number  one  =  2^  in.  Its  next  move  is 
lap  number  two  =  3\i  in.,  and  lastly  it  uncovers  port 
number  two  =  4%  in.,  which  is  its  travel. 

To  return  to  the  third  function  of  the  valve  or  cut 
oflP,  Fig.  161.  The  crank  has  now  traversed  120°  and 
the  highest  point  of  the  eccentric  is  at  60°  on  the  return 
circle,  a  point  equivalent  to  240°  of  the  cdrde  described 
by  the  crank. 

The  fourth  function  is  when  compression  begins  at 
the  head  end  of  the  cylinder.  Fig.  162.  The  crank  is 
now  at  150°,  the  piston  being  near  the  end  of  the  stroke 
and  the  eccentric  has  reached  90°  of  the  return  circle 
or  threie-quarters  of  the  crank  circle,  while  the  crank 
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has  still  to  travel  30°  in  order  to  complete  the  first  one- 
half  of  its  circle.  At  this  point  we  can  study  the  effect 
of  inside  lap,  because  if  the  valve  has  no  inside  lap, 
release  on  the  crank  end  will  begin  almost  at  the  same 


Pig.  161. 


moment  that  compression  takes  place  at  the  head  end, 
but  by  adding  inside  lap,  compression  can  be  caused  to 
take  place  earlier  and  release  later. 


Pig.  162. 

The  next  event  is  admisanon  at  the  head  end  of  the 
cylinder,  Pdg.  163.  The  crank  has  now  arrived  at  180**, 
having  completed  on-e-half  of  a  revolution;  the  piston 
is  at  the  end  of  the  stroke,  and  the  eccentric  is  at 
120*^  on  the  return  path.  Fig.  164  serves  to  better  illus- 
trate the  relative  positions  of  the  crank  pin  and  eccen- 
tric during  the  stroke.  The  inner  circle  represents  the 
path  described  by  the  high  point  of  the  eccentric,  and 
the  large  circle  that  of  the  crank  pin.  The  radius  C  2 
of  the  small  circle  represents  the  throw  of  the  eccentric. 
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and  the  distaiMe  C  L  is  the  lap  of  the  valve  plus  the 
lead.  The  point  of  intersection  of  the  vertical  line,  L  1, 
with  the  eccentric  circle  locates  the  position  of  the  hdgh- 


Plg.  168. 


est  point  of  the  eccentric,  and  the  line  C  B,  drawn  from 
the  center  of  the  crank  shaft  through  this  point,  indi- 
cates the  angular  advanee  which  in  this  case  is  30^^ 


/to' 


represented  by  the  angle  ABC.  The  figures  1,  2,  3,  4, 
5  indicate  the  position  of  the  high  point  of  the  eccentric 
at  the  moment  of  each  function  of  the  valve.    The  action 
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of  the  valve  can  be  more  graphically  illustrated  by 
means  of  valve  diagrams,  of  which  there  are  several 
different  kinds,  notably  the  Bilgram  and  Zeuner.  The 
Zeuner  diagram  will  be  made  use  of  in  this  instance. 


Pig.  165. 


Fig.  165  shows  the  total  movement  of  the  valve,  re- 
gardless of  lap  and  lead.  First  draw  line  C  1  to  repre- 
sent the  center  line  of  the  engine.  Next  draw  line  C  4 
perpendicular  to  the  line  of  centers,  with  C  as  the  cen- 
ter of  the  crank  shaft.     The  radius  of  the  semi-circle 
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D,  1,  2,  3,  4,  5,  6  equals  the  radiiis  of  eccentricity. 
Line  C  D  represents  the  position  of  the  crank  when  the 
valve  is  at  mid  travel  or  in  its  central  position,  D  being 
th«  location  of  the  crank  pin.  Referring  back  to  Pig. 
158,  the  valve  is  there  shown  in  its  central  position 
anid  supposed  to  be  moving  in  the  direction  of  the  arrow 
in  order  to  admit  steam  to  the  crank  end  of  the  cylin- 
der. Again  referring  to  Pig.  165,  draw  line  C  A  in  such 
a  position  that  the  angle  ABC  will  equal  the  angular 
advance  of  th«  eccentric,  which  we  will  assume  in  this 
case  to  be  30*^.  This  will  bring  the  high  point  of  the 
eccentric  at  B  while  the  crank,  as  before  stajted,  is  at  D. 
Next  using  line  C  A  as  the  diameter,  draw  a  circle 
about  it  called  the  valve  circle.  Now  suppose  the  crank 
to  be  turning  in  the  direction  of  the  arrows.  At  posi- 
tion D  the  crank  line  is  just  about  to  cut  into  the  valve 
circle,  the  valve  being  central.  When  the  crank  gets 
to  position  1  the  vaJve  has  moved  the  distance  C  E. 
When  the  crank  is  at  2  the  valve  has  moved  the  distance 
C  M,  and  when  the  crank  arrives  at  3  the  valve  has 
moved  to  the  limit  of  its  travel  from  its  central  position 
and  it  now  begins  the  return  movement.  The  motion 
of  the  valve  is  comparatively  slow  at  this  point  for  the 
reason  that  the  high  point  of  the  eccentric  is  now  pass- 
ing the  center  at  7.  The  distance  the  valve  has  moved 
backward  while  the  crank  has  moved  from  3  to  4  is  the 
distance  B  P,  while  P  C  represents  its  distance  from 
the  central  position,  and  G  C  the  same  when  the  crank 
is  at  5.  When  the  crank  arrives  at  6  and  its  line  has 
left  the  valve  circle,  the  valve  is  again  central.  Pig. 
165  merely  shows  the  movement  of  the  valve  through 
one-half  of  its  travel  without  giving  any  details  regard- 
pig  port  openings,  cut  off,  etc. 
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In  Fig.  166  the  influence  of  outside  lap  is  delineated. 
According  to  the  ddmenaion$  of  the  valve  under  con- 
sideraition  the  outside  lap  is  one  inch.  The  diagram 
is  drawn  precisely  as  in  Fig.  165,  and  in  addition 
strike  an  arc  representing  the  outside  lap,  using  C  as 


^^S'/af  Cap         a 


Fig.  166. 

the  center  with  a  radius  equal  to  the  outside  lap.  As 
before,  the  crank  is  at  D  and  the  valve  central.  When 
the  crank  has  moved  to  E  and  its  line  cuts  the  inter- 
section of  the  outside  lap  and  valve  circles,  the  valve 
has  moved  the  distance  C  H,  just  equal  to  the  outside 
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lap,  and  the  port  begins  to  uncover  at  this  point.  Then 
by  the  time  the  crank  gets  to  the  center,  1,  the  port  is 
open  the  distance  L  0,  which  is  the  lead,  in  this  case 
Ys  in.    This  position  of  the  valve  is  shown  in  Pig.  159. 

The  position  of  the  crank  when  cut  oflf  takes  place  is 
ascertained  by  drawing  a  line,  C  G  5,  through  the  inter- 
section of  the  outside  lap  and  valve  circles,  where  the 
valve  is  on  its  return  movement  (see  Fig.  161).  Thus 
far  no  account  has  been  taken  of  release  and  compres- 
sion, and  in  order  to  determine  the  position  of  the 
crank  when  these  events  occur  it  will  be  necessary  to 
dtt-aw  the  valve  circle  for  the  opposite  movement  of  the 
valve,  for  be  it  remembered  that  the  movement  of  the 
valve  so  far  considered  has  been  only  one-half  of  its 
travel;  that  is,  it  has  moved  from  its  central  position 
towards  the  head  end  of  the  cylinder  and  back  again. 
We  have  seen  how  it  has  thus  performed  the  functions 
of  admission,  full  port  opening  and  cut  oflf  for  the  crank 
end  of  the  cylinder,  and  now  by  referring  to  Pig.  167 
it  will  be  seen  at  what  point  of  the  stroke  the  remain- 
ing events,  viz.,  release  and  compression,  occur. 

Draw  a  second  valve  circle,  Pig.  167,  diametrically 
opposite  the  first.  Also  draw  an  arc  with  a  radius 
equal  to  the  inside  lap,  which  in  this  case  is  assumed 
to  be  one-half  inch.  When  the  crank  gets  to  the  posi- 
tion 7  its  center  line  cuts  the  intersection  of  the  inside 
lap  and  valve  circles,  and  release  begins.  When  the 
crank  arrives  on  the  center  8,  the  valve  has  moved  the 
distance  C  T  from  central  position;  but  C  X  of  this 
distance  has  been  occupied  by  the  insidfe  lap,  therefore 
the  lead  on  the  exhaust  is  represented  by  the  distance 
X  T.  When  the  crank  on  its  return  stroke  arrives  at 
the  position  marked  10,  its  line  again  cuts  the  inter- 
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section  of  the  inside  lap  and  valve  circles  and  compres- 
sion takes  place,  as  in  Pig.  162.  By  dropping  perpen- 
diculars from  the  positions  of  the  crank  at  1,  5,  7  and 
10  an  indicator  diagram  may  be  drawn  showing  the 
performance  of  an  engine  with  this  style  of  valve. 


P!g.  167. 


Pig.  168  shows  the  effect  of  decreasing  the  angular 
advance,  that  is,  setting  the  eccentric  back  towards  the 
crank.  In  this  instance  the  eccentric  is  set  back  10°» 
thus  making  the  angle  of  advance  20°  instead  of  30^.  as 
before.     The  full  lines  represent  the  new  angle,  while 
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the  dotted  circles  and  lines  indicate  the  valve  and  its 
movements  as  dravm  at  first.  A  shows  the  original  point 
of  admission  and  A'  the  position  of  the  crank  when 
admission  takes  place  with  the  lesser  angle  of  advance. 
Similarly,  B  and)  B'  show  the  old  and  new  points  of  re- 


Fl«.  168. 

lease,  and  C  and  C  the  compression.    The  two  different 
points  of  cut  off  are  also  indicated.    It  will  be  observed 
that  all  of  these  events  occur  later  and  the  lead  also  is 
diminished. 
In  locomotives,  and  also  in  some  types  of  adjustable 


404 


POWER  STATIONS 


cut  oflf  engines,  the  travel  of  the  valve  may  be  varied 
at  will,  and  the  effect  of  decreasing  the  valve's  travel 
is  illustrated  by  Fig.  169,  the  full  lines  showing  the 
decreased  travel  and  its  influence,  and  the  dotted  lines 


Fig.  169. 


showing  the  original.  Admission  and  release  occur 
later,  while  cut  off  and  compression  take  place  earlier, 
and  the  lead  is  less.  The  travel  of  the  valve  as  indicated 
in  Fig.  169  has  been  decreased  one  inch,  making  it  S^ 
in.  in  place  of  41/^  in.  as  before. 
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Pig.  170  shows  the  result  of  increasing  the  outside 
lap.  The  lap  has  been  increased  in  this  case  from  1 
in.,  as  originally  drawn,  to  V/^  in.,  as  indicated  by  the 
full  lines,  while  the  dotted  lines  show  the  lap  as  it  was 


Pig.  170. 

before  being  changed.  The  effect  of  this  change  is  to 
cause  less  lead,  a  later  admission  and  an  earlier  cut  off, 
but  compression  and  release  are  not  affected  for  the 
reason  that  these  latter  events  are  controlled  by  the 
inside  lap,  which  has  not  been  changed. 

In  Pig.  167  the  valve  is  shown  as  cutting  off  the  steam 
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when  the  crank  has  completed  120°,  or  two-thirds  of 
the  half  revolution,  but  the  point  of  cut  off  on  the  indi- 
cator diagram  shows  that  the  piston  has  traveled  7/9  of 
the  stroke.  This  discrepancy  is  due  to  the  obliquity  of 
the  connecting  rod,  as  it  will  be  seen  by  looking  at  the 
valve  diagram,  Pig.  167,  that  the  crank  must  travel 
farther  to  complete  the  stroke  from  this  point  than  the 
piston  does.  In  order  to  cause  the  valve  to  cut  off  ear- 
lier, say  at  one-half  stroke,  it  will  be  necessary  to 
do  one  of  two  things,  either  to  increase  the  outside  lap, 
which  would  have  a  tendency  to  cause  admission  to 
occur  too  late,  or  the  angle  of  advance  may  be  increased 
sufficient  to  cause  cut  off  to  take  place  at  half  stroke, 
but  to  do  this  alone  would  cause  admission  to  occur  too 
early.  Therefore  the  proper  thing  to  do  is  to  increase 
both  the  angle  of  advance  and  the  outside  lap.  Fig.  171 
shows  how  this  can  be  done  without  decreasing  the  travel 
of  the- valve.  The  angle  of  advance,  A  B  C,  is  now  50*^, 
whfere  before  it  was  30°,  as  in  Fig.  167. 

The  valve  is  central  when  the  crank  is  at  position  1; 
the  high  point  of  the  eccentric  being  at  point  4.  The 
outside  lap,  which  before  was  1  in.,  has  had  7/16  in. 
added  to  it,  making  it  1  7/16  in.  When  the  crank  gets 
to  D  the  port  is  just  commencing  to  open,  and  with 
the  crank  on  the  center  at  2,  the  lead  is  ^  in. 

It  will  readily  be  seen  at  this  point  that  by  increasing 
the  outside  lap  still  more  the  lead  can  be  diminished, 
and  the  point  of  cut  off  made  still  earlier,  but  this 
would  result  in  a  still  further  reduction  of  the  power  of 
the  engine,  which  has  already  been  considerably  re- 
duced, as  shown  by  the  diminished  area  of  the  indicator 
diagram  as  compared  with  the  one  in  Fig.  167.  When 
the  crank  gets  to  position  3  the  valve  has  reached  the 
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limit  of  its  travel,  and  the  port  is  open  the  distance  A  a, 
which  is  as  far  as  the  outside  lap  will  permit.  With 
the  crank  at  point  4  cut  off  occurs.  But  with  the  in- 
creased angular  advance  and  the  inside  lap  remiaining 


Pig.  171. 


as  it  was  before,  viz.,  14 


in.,  release  would  occur  too 
early.  Therefore  it  will  be  necessary  to  increase  the 
inside  lap  sufficient  to  cause  release  and  compression  to 
take  place  at  as  near  the  proper  points  as  possible.  In 
this  instance  %  in.  has  been  added,  making  the  inside 
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lap  %  in.,  and  release  takes  place  wUh  the  crank  at 
position  5,  while  compression  begins  at  6.  These  points 
may  also  be  changed  by  simply  adding  to  or  decreasing 
the  inside  lap. 

It  should  be  noted  that  in  the  foregoing  dJscnssion  of 
valve  gear  it  is  understood  that  the  valve  stem  moves 
in  the  same  direction  as  the  eccentric  rod,  that  is,  the 
direction  of  motion  is  not  reversed  by  a  rocker  arm  in- 
terposed between  the  eccentric  and  the  valve. 


Fig.  172. 

The  first  step  in  the  operation  of  valve  setting  is  to 
place  the  engine  on  the  dead  center,  which  means  that 
the  piston  is  at  the  end  of  the  stroke,  and  the  centers 
of  the  main  shaft,  crank  pin  and  crosshead  pin,  or 
wrist  pin,  as  it  is  sometimes  called,  are  in  line  (see  Fig. 
172).  When  moving  the  engine  to  place  it  on  the  cen- 
ter it  should  always  be  turned  in  the  direction  in  which 
it  is  to  run.  This  is  to  guard  against  any  errors  which 
might  result  from  lost  motion  or  looseness  in  the  recip- 
rocating parts.  Turn  the  fly  wheel  around  until  the 
cros.'^head  is  almost  to  the  end  of  the  stroke,  say  within 
a  half  inch  of  it,  as  at  Fig.  173.  Then  with  a  steel 
scriber  or  penknife  mark  the  location  of  the  crossrhead 
on  the  guides  A,  also  provide  a  secure  resting  place 
upon  the  floor  of  the  engine-room  for  a  msirker  to  be 
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placed  against  the  run  of  the  wheel.  This  rest  should 
be  firmly  fastened  to  the  floor  in  order  that  its  position 
may  not  be  changed  during  the  operation  of  valve  set- 
ting. Place  the  marker  against  the  wheel,  as  at  B,  and 
mark  the  point  with  a  center  punch  or  cold  chisd.  Next 


Pig.  173. 

turn  the  engine  carefully  until  the  croeshead  completes 
the  stroke  and  moves  back  on  the  return  stroke  until 
the  mark  A  is  in  line  again.  Make  another  mark  on  the 
rim  of  the  wheel  opposite  the  marker  at  C.  This  posi- 
tion of  the  engine  is  shown  in  Fig.  174,  and  it  will  be 


Pig.  174. 

seen  that  the  crank  is  now  as  much  above  the  center  as 
it  was  below  in  Fig.  173.  Now  with  a  pair  of  large 
dividers  ascertain  the  middle  or  half  distance  between 
marks  B  and  C  and  put  another  mark,  D,  at  this  point. 
Then  turn  the  engine  a  complete  revolution  until  mark 
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D  oomes  opposite  the  pointer,  Fig.  172,  and  the  engine 
will  be  on  the  true  center. 

At  this  point  the  question  may  arise,  why  not  simply . 
reverse  the  motion  and  back  the  wheel  up  until  the  mark 
D  is  in  line  with  the  marker?     The  answer  is,  that 


\ 


^^ 


r 


K'J 


Pig.  175. 


while  this  would  undoubtedly  save  cansiderable  labor, 
yet  it  would  almost  certainly  result  in  an  error,  on  ac- 
count of  the  lost  motion  of  the  moving  parts,  which 
would  permit  of  considerable  movement  of  the  wheel 
before  any  movement  of  the  crosshead  would  take  plac^ 
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if  the  wheel  waa  turned  back.  The  result  would  be 
that  when  mark  D  came  to  be  opposite  to  the  pointer, 
the  crank  would  not  be  on  the  true  center.  The  next 
mo^e  is  to  see  that  the  eccentric  rod  is  adjusted  to  th« 
proper  length.  If  there  is  a  rocker  arm,  connect  the 
eccentric  rod  in  its  proper  place,  leaving  the  valve  rod^ 
disconnected  for  the  time  being.  Then  adjust  the  length 
of  the  rod  so  that  when  the  eccentric  is  turned  around 
on  the  shaft  the  rocker  arm  will  vibrate  equal  distances 


on  each  side  of  a  plummet  line  suspended  through  the 
center  of  the  pin  upon  which  the  arm  turns,  as  in  Fig. 
175.  Before  connecting  the  valve  rod  the  valve  should 
be  put  in  its  central  position  and  marked.  To  do  this 
it  will  be  necessary  to  first  ascertain  the  outside  lap. 

The  most  accurate  method  of  doing  this  is  to  take  the 
valve  out  and  measure  the  distances  between  the  out- 
side edges  of  the  steam  ports,  as  at  B,  Fig.  176.  Then 
measure  the  width  of  the  valve  from  edge  to  edge,  as 
at  A.    Then  A  —  B  -r-  2  =  the  outside  lap.    For  in- 
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Stance,  A  =  8.5  in.,  B  =  6.5  in.  Then  8.5  —  6.5  =  2, 
and  2  divided  by  2  =  1  in.,  which  is  the  lap.  The 
ini^ide  lap  should  also  be  measured  at  this  poinit  for 
convenience,  and  the  measurements  preserved  for  future 
reference.  The  inside  lap  is  ascertained  by  measuring 
.  the  distance  between  the  inside  edges  of  the  ports  and  the 
distance  across  the  arch  of  the  valve  from  one  inside 
edge  to  the  other  (gee  Fig.  176)  and  dividing  the  dif- 
ference by  2.     For  instance,  the  distance  F  is  4  in., 

4 3 

and  E  is  3  in. ;  then  — ^ —  =  .5  in.,  making  the  inside 

lap  y^  iJi- 

To  place  the  valve  central,  measure  the  width  of  the 
outside  lap  each  way  from  the  outside  edges  of  the 
steam  ports  and  mark  the  points  on  the  valve  seat  with 
a  sharp  lead  pencil.  Then  place  the  valve  with  edges 
on  the  marks  and  it  will  be  central.  To  insure  accu- 
racy, measurements  should  also  be  taken  from  the  out- 
side edges  of  the  steam  ports  to  the  ends  of  the  seats. 
Having  fixed  the  valve  in  its  central  position,  replace 
the  stem  and  if  it  is  secured  in  the  valve  by  nuts,  as  in 
Fig.  176,  care  should  be  taken  to  leave  a  little  play  for 
the  valve  between  the  nuts,  otherwise  it  is  liable  to 
become  stuck  and  held  off  the  seat  when  it  gets  hot 
and  expands.  Make  a  center  punch  m-ark  C,  on  tte 
edge  of  the  valve  chest  directly  over  the  valve  stem, 
and  placing  one  leg  of  a  tram  or  pair  of  dividers  in  the 
mark,  with  the  other  leg  describe  a  mark  on  the  top  of 
the  valve  as  at  D,  thus  marking  the  valve  in  its  central 
position. 

Now  with  the  rocker  arm  perpendicular,  the  eccen- 
trie  rod  having  been  previously  adjusted,  connect  the 
valve  rod  to  the  rocker,  and  turn  the  eccentric  to  the 
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limit  of  its  ihrow  in  one  direction,  and  measure  the 
distance  the  valve  has  traveled  from  its  central  posi- 
tion. Then  turn  the  eccentric  around  to  its  extreme 
throw  in  the  other  direction,  and  if  the  valve  travels 
the  same  distance  from  its  central  position  in  the  oppo* 
site  direction  the  lengths  of  the  rods  are  correct,  but  if 
not  correct,  the  necessary  change  can  usually  be  mad« 
by  shifting  the  nuts  on  the  valve  stem,  or  if  the  valve 
is  secured  to  the  stem  by  a  yoke  the  change  can  be  made 
in  the  rod.. 

Having  succeeded  in  getting  the  correct  travel  for 
the  valve,  the  next  step  is  to  set  the  eccentric.  With 
the  engine  on  the  dead  center,  turn  the  eccentric  around 
on  the  shaft  in  the  direction  in  which  the  engine  is  to 
run,  so  as  to  take  up  all  the  play  in  the  valve  stem  and 
other  moving  parts,  and  with  the  tram,  or  dividers  watch 
the  valve  until  it  has  moved  away  from  its  central  posi- 
tion by  the  amount  of  its  outside  lap,  plus  the  lead  it 
is  desired  to  give  the  valve.  For  instance,  if  the  valve 
has  one  inch  outside  lap  and  the  lead  is  to  be  %  in., 
the  valve  should  be  moved  away  from  its  central  posi- 
tion ly^  in.,  and  also  away  from  the  end  6t  the  cylin- 
der at  which  the  piston  is.  The  steam  port  for  that 
end  should  now  be  open  l^  in.,  and  the  eccentric  should 
be  ahead  of  the  crank  one-quarter  turn  plus  the  angular 
advance  required  for  the  outside  lap  and  lead,  or  if  as 
previously  explained,  the  motion  of  the  eccentric  is  re- 
versed by  a  rocker  arm  the  eccentric  should  be  behind 
the  crank  by  the  same  amount.  Tighten  the  set  screws 
holding  the  eccentric  on  to  the  shaft  and  turn  the  en- 
gine around  until  it  is  on  the  opposite  center.  Then  if 
the  lead  is  the  same  on  each  center  the  valve  is  set  cor- 
rectly.   If  the  lead  is  not  the  same,  move  the  valve  on 


414  POWER  STATIONS 

the  stem  toward  the  end  having  the  most  lead,  a  dis- 
tance equal  to  one-'half  the  difference  between  the  two 
leads.  If  the  lead  as  equalized  is  more  than  is  desired 
move  the  eccentric  back  on  the  shaft  until  the  correct 
lead  opening  is  secured,  then  tighten  the  set  screws  per- 
manently, and  with  a  sharp  cold  chisel  make  a  plain 
mark  on  the  shaft,  and  opposite  to  this  another  mark 
on  the  eccentric.  This  will  save  considerable  trouble  in 
case  the  eccentric  should  slip  or  be  accidentally  moved 
from  its  true  posdtion  at  any  time. 

Although  the  common  D  slide  valve  as  applied  to 
stationary  engines  usually  has  its  point  of  cut  off  fixed, 
yet  there  are  many  types  of  variable  automatic  cut  off 
engines  with  single  slide  valves  of  various  patterns, 
such  as  box  valves  in  which  the  steam  passes  through 
the  valve,  piston  valves,  in  which  the  steam  either  passes 
through  or  around  the  ends  of  the  valve,  so-called  grid- 
iron valves,  and  various  other  types.  Such  valves  are 
generally  applied  to  high  speed  engines,  and  are  actuated 
by  eccentrics  which  are  under  the  control  of  shaft  gov- 
ernors which  vary  the  position  of  the  eccentric  with 
relation  to  the  crank  according  to  the  load  that  is  on 
the  engine,  thus  regulating  the  point  of  cut  off  so  as  to 
maintain  a  constant  speed,  while  the  throttle  is  kept 
wide  open.  While  the  details  of  setting  all  the  various 
styles  of  valves,  including  the  Corliss  or  four-valve  type, 
differ  considerably  from  those  required  in  setting  the 
D  valve,  yet  the  same  principles  govern  the  operation, 
no  matter  what  kind  of  a  valve  is  to  be  adjusted. 

In  all  t\T)es  of  reciprocating  engines  the  same  factors 
affectinfj  the  distribution  of  the  steam  are  present,  viz., 
the  outside  or  steam  lap  affecting  admission  and  cut 
off,  and  the  inside  or  exhaust  lap  affecting  release  and 
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compreasion.  While  the  D  valve  (and  other  types  of 
single  valves)  combines  these  four  principal  factors 
within  itself  (that  is,  two  steam  laps  and  two  exhaust 
laps),  it  should  be  noted  that  in  the  four- valve  type  of 
engine  the  same  factors  are  distributed  among  four 
valves,  each  valve  perfonning  its  own  particular  func- 
tion in  controlling  the  distribution  of  the  steam  for  the 
end  of  the  cylinder  to  which  it  is  attached.  Also  each 
valve  may  be  adjusted  to  a  certain  degree  independently 
of  the  others,  and  this  fact  goes  far  towards  explaining 
why  engines  of  this  type,  with  the  disengaging  valve 
gear,  are  so  much  more  economical  in  the  use  of  steam 
than  are  those  with  the  ordinary  fixed  cut  off.  Thus, 
for  instance^  the  steam  valves  of  a  Corliss  engine  may 
be  adjusted  to  cut  off  the  steam  at  any  point,  from  the 
very  beginning  up  to  one-half  of  the  stroke,  without  in 
the  least  affecting  the  release  or  compression,  because 
these  events  are  controlled  by  the  exhaust  valves. 

In  some  of  the  modem  improved  makes  of  four-valve 
engines  there  are  two  eccentrics,  one  for  the  steam  and 
the  other  for  the  exhaust  valves.  This  arrangement  per- 
mits of  still  greater  latitude  in  adjustments  for  the 
economical  use  of  steam. 


SETTING  THE  VALVES  OP  A  GREENE  WHEELOCK  ENGINE. 

In  this  engine,  each  cylinder  is  equipped  with  four 
valves  of  the  Hill  gridiron  type,  two  steam  and  two 
exhaust  to  each  cylinder,  and  each  valve  is  driven  by  a 
separate  eccentric.  This  type  of  valve  and  gear  gives  a 
large  port  opening,  with  a  minimum  of  travel,  which  in 
connection  with  the  Greene  cut  off  on  the  steam,  and  the 
toggle  motion  on  the  exhaust  valves,  gives  the  quickest 
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action  at  the  right  time  to  both.  A  minimum  lap  is  also 
obtained  with  the  aid  of  the  gear.  It  is  therefore  very 
important  that  th-e  movements  of  the  valve  and  gear 
be  thoroughly  understood  and  great  care  be  used  in 
adjusting  it.  The  valve  plugs  contain  the  valve  seats 
as  an  integral  part  of  the  plug.  These  are  in  turn  re- 
movable for  repairs,  as  are  also  the  valves  when  in  posi- 
tion. To  the  plug  is  attached  the  head  that  holds  the 
working  parts  of  the  valve  mechanism. 


Fig.    177. 


The  arrangement  of  the  valves  beneath  the  cyl^^^^^ 
is  the  Wheelock  system,  and  allows  short  ports,  SJ^^J 
clearance  volume  and  a  free  discharge  for  the  water  o^ 
condensation  through  the  exhaust.    TJie  throttle  a^^  ^ 
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beneath  and  admits  steam  to  the  steam  chest  under  the 
cylinder.  There  are  four  eccentrics,  one  for  each  valve* 
These  eccentrics  are  of  small  size  and  short  throw,  and 
receive  their  motion  from  the  eccenitric  shaft  extending 
from  the  back  cylinder  head,  alongsid'e  the  engine  frame 
to  the  main  crank  sihaft,  from  which  it  receives  rotary 
motion  through  bevel  gear. 


Pig.  178. 

An  und'erstanding  of  the  valve  plugs  and  their  loca- 
tion may  be  had  by  reference  to  Figs.  177,  178  and  179. 
Pig.  177  shows  a  longitudinal  section  of  the  cylinder 
and  the  cross-section  of  the  valve  plug  at  A,  This  view 
gives  the  location  of  the  inlet  (steam)  valve  and  seat  at 
a  and  the  outlet  (exhaust)  valve  and  seat  at  6,  the  steam 
chest  B  B  forming  a  jacket  for  part  of  the  cylinder,  as 
well  as  admitting  the  steam  through  the  inlet  a  into  the 
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cylind?er.      From   the    cylinder   the   steam 
through  the  outlet  b  into  the  exhaust  passage  C, 


oat 


Fig.  178  is  a  cross-section  of  the  cylinder  through  the 
clearance  space  and  a  longitudinal  of  the  valve  pl^  ^^ 
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that  end  of  the  cylinder,  showing  the  back  of  the  inlet 
valve  seat,  with  the  outlet  valve  cut  away. 

Fig.  179  is  a  view  of  the  valve  plug  with  all  of  the 
parts  assembled.  Thi£»  view  shows  the  inlet-  or  steam- 
valve  side  of  the  plug.  The  inlet  valve  is  at  a;  the 
spring  which  hold&  it  to  its  seat  when  not  under  steam 
pressure  is  ait  6;  and  c  is  the  pusher  crank  which  actu- 
ates the  valve  by  means  of  a  cam  at  d,  which  comes  in 
contact  with  the  latch  of  the  valve-stem  head  e.  This 
is  fastened  to  the  inlet  valve-stem  by  clamp  bolts.  The 
inlet  valve-stem  screws  into  the  nut  /,  so  that  by  loosen- 
ing the  clamp  bolts  of  the  head  e  and  turning  the  rod, 
an  adjustment  of  the  valve  setting  can  be  made,  as  will 
be  shown  later. 

The  inlet  valve  is  opened  by  the  pusher  cam  pushing 
it  forward,  but  is  released  from  this  cam  through  the 
means  of  a  trip  cam  on  the  bottom  of  the  valve-plug 
head,  which  is  connected  to  the  governor-rods.  When 
released  by  the  trip  cam,  the  valve  cuts  off  by  means  of 
the  steam  pressure  on  the  valve-stem  controlled  by  a 
dash-pot  arrangement  in  the  valve-plug  head,  to  which 
the  other  end  of  the  rod  is  attached. 

The  outlet  valve  is  inside  of  the  valve  plug  under  the 
strut  g.  The  position  of  this  valve  in  relation  to  the 
inlet  can  be  noted  by  reference  to  Fig.  177,  where  the 
cross-section  of  the  valves  and  seats  is  shown.  The 
outlet  valve  is  actuated  by  the  eccentric  acting  on  the 
toggle  joint  h,  connected  between  the  two  pairs  of  links, 
from  the  point  i,  where  it  is  fixed,  and  the  point  j,  where 
the  link  is  fastened  to  the  valve-rod  head  k  on  the  outlet 
valve-stem. 
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INSTRUCTIONS  FOB  PROPER  SETTING. 

The  following  inatruetions  are  from  the  builders  of 
these  engines,  and  if  adhered  to  will  give  proper  setting 
of  the  valves.  The  previous  illustrations  will  aid  to  a 
full  understanding  of  these  operations. 

For  reference  and  a  means  of  checking  off  the  action 
of  the  valves  it  is  stated  that  *'AM9ize"  valves  have  5/32- 
inch  lap,  with  %-inch  travel,  and  are  generally  used 
on  cylinders  up  to  and  including  16  inches  in  diameter ; 
**B-size"  valves  have  3/16-inch  lap,  with  1%-inch 
travel,  and  are  generally  used  on  cylinders  from  18  to 
26  inches  in  diiameter,  inclusive;  "C-size"  valves  have 
i/4-inch  lap,  with  1%-inch  travel,  and  are  used  on  cyl- 
inders from  28  inches  in  diameter  upward. 

When  starting  to  ad^'ust  the  valves,  first  have  all 
eccentrics  loose  on  the  cylinder  shaft,  and,  second,  deter- 
mine the  direction  the  cylinder  shaft  is  to  run,  and 
always  rotate  the  eccentrics  in  the  same  direction, 
whether  loose  on  the  shaft,  or  when  the  shaft  and  eccen- 
trics turn  together. 

TO  ADJUST  THE  TRAVEL  OP  THE  STEAM  VALVES. 

On  the  edge  of  the  pusher  crank  a  line  is  made  in  the 
shop,  and  on  the  side  of  the  plug  head,  next  to  the 
pusher  crank,  a  corresxwnding  line  is  made  (where  the 
arrow  points).  When  the  line  on  the  pusher  crank  cor- 
responds exactly  with  the  line  on  the  side  of  the  plug 
head,  the  pusher  plate  is  vertical.  This  is  its  most  back- 
ward position. 

Adjust  the  eccentric-rod  for  this  valve  to  such  a  len^h 
that  in  turning  the  eccentric  around  on  the  shaft  the 
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line  on  the  edge  of  the  pusher  crank  eomes  back  to  cor- 
respond exactly  with  the  line  on  the  plug  head  at  each 
revolution.  Then,  by  shimming,  adjust  the  bridge-sup- 
porting trip  cam,  so  that  the  steam  valve  will  travel  % 
of  an  inch  on  *'A-size,"  1%  inches  on  **B-size"  and  1% 
inches  on  '*C-size/'  but  bear  in  mind  that  the  valve  must 
trip  at  the  end  of  its  travel  and  the  bridge  must  not  be 
so  low  that  the  valve  will  carry  the  full  stroke  without 
tripping.  The  roller  of  the  Mfter  must  be  in  position 
for  full  travel. 

TO  SET  THE  STEAM  VALVES. 

On  the  steam  valve-stem  four  scratch  lines  are  made. 
These  lines  represent  the  valve  on  its  lap,  the  valve  just 
opening,  the  valve  wide  open  and  the  valve  pushed  in 
until  it  strikes  the  plug.  With  each  valve-gear  a  steel- 
wire  tram  is  sent.  Just  above  the  valve-stem  on  the 
plug-head  casting  a  prick-punch  mark  will  be  found. 
Loosen  up  the  inlet  stem  head  on  the  stem,  then  shove 
the  valve  back  until  it  strikes  the  plug.  If  the  valve  is 
set  correctly,  the  tram  with  one  end  in  the  mark  on 
the  plug  head'  casting  should  with  the  other  end  meet 
the  first  scratch  line  on  the  valve-stem  (nearest  the  out- 
side end  of  stem).  If  the  point  of  the  tram  does  not 
coincide  with  this  line,  the  valve-stem  should  be  screwed 
in  or  out  until  it  does.  The  valve  should  then  be  let 
back  so  that  the  dasher  strikes  the  head,  and  the  inlet 
stem  head  be  brought  back  against  the  pusher  plate 
when  the  pusher  plate  is  vertical,  leaving  1/64  inch 
clearance  between  the  pusher  and  latch  plates.  It  will 
then  be  found  that  the  point  of  the  tram  will  correspond 
with  the  fourth  mark  on  the  stem,  with  the  valve  closed. 

Whe|i  tl^ie  yalve  is  moved'  forward  so  that  the  tram 
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point  corresponds  with  the  third  line  on  the  stem,  the 
valve  is  just  closing  or  opening,  and  when  moved  farther 
so  that  it  corresponds  with  the  second  line,  the  valve  is 
wide  open.  The  travel  of  the  valve  should  be  between 
the  second,  third  and  fourth  points  spoken  of,  and  it 
should  trip  just  as  the  tram  point  corresponds  with  the 
second  line  from  the  outside  end.  Then,  with  the  pis- 
ton on  dead  center,  the  eccentric  should  be  revolved  on 
the  shaft  to  bring  the  steam  valve  1/32  of  an  inch  open 
on  the  crank  end  and  3/64  of  an  inch  on  the  head  end. 
The  eccentric  should  then  be  clamped  to  the  shaft,  and 
the  valve  is  set. 


TO  ADJUST  THE  EXHAUST  VALVES. 

On  the  outside  of  the  plug  head  are  four  prick-pimch 
marks.  On  the  outside  of  the  outlet  stem  head  where 
the  tram  rests  is  another  prick-punch  mark.  This  is  for 
one  point  of  tram. 

TO  ADJUST  V.VLVES  FOR  LAP. 

The  eccentric  rod  should  be  disconnected  from  the  ec- 
centric. Shove  the  valve  back  as  far  as  it  will  go.  With 
the  valve  in  this  position,  the  outside  end  of  the  tram 
should  fall  into  the  fourth  mark  on  outside  of  the  plug 
head  nearest  the  cylinder.  If  it  does  not,  loosen  up  the 
nut  holding  the  outlet  stem  head,  and  screw  the  stem 
in  or  out  sufficiently  to  make  the  tram  come  into  the 
fourth  mark.  Then  tighten  up  the  nut  holding  the  out- 
let stem  head,  connect  the  eccentric-rod  to  the  eccentric, 
lengthen  or  shorten  this  eccentric  rod  so  that  the  travel 
of  the  valve  due  to  one  revolution  of  the  eccentric  will 
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move  the  tram  from  the  first  to  the  third  prick-pundi 
mark ;  and  no  farther. 

The  eccentric  should  then  be  set  so  that  when  the 
piston  is  about  5  inches  from  the  end  of  the  return 
stroke,  the  exhaust  valve  should  have  just  closed,  and 
the  tram  point  would  fall  intx)  the  second  mark  on  the 
plug  head. 

As  these  valves  must  be  set  while  the  valves  are  out 
of  sight,  a  strict  adiherence  to  these  rules  of  adjust- 
ment must  be  followed,  care  being  taken  to  be  accurate 
on  all  points. 

REYNOLDS  LONG  RANGE  CUT  OFF. 

Pig.  180  shows  the  valve  gear  side  of  an  AUis-Cbal- 
mers  engine  equipped  with  the  long  range  cut  oflf  which 
is  d-esigned  to  give  a  maximum  cut-off  for  power,  and 
the  essential  feature  of  the  steam  valves  is  that  they 
have  a  negative  lap  or  opening  when  in  mid-position, 
the  cut-off  being  made  entirely  by  the  governor  through 
the  knock-off  cam. 

Referring  to  Fig.  181,  the  steam  and  exhaust  valves 
on  one  end  of  the  cylinder  are  shown  with  the  valve- 
gear  removed  and  the  valves  and  ports  in  cross-section, 
while  on  the  other  end  the  valve-cranks  have  been  left 
in  place  and  show  their  relative  position  to  the  valves 
at  the  opposite  end.  The  steam  and  exhaust  wrist-plates 
are  shown  at  A  and  5,  respectively,  and  above  A  is 
shown  the  travel  circle  C  of  the  steam  eccentric;  below 
is  the  exhaust  circle  I>.  In  these  circles  the  crank  posi- 
tion is  at  c  and  e  is  the  eccentric  position.  The  steam 
valve-crank  is  indicated  by  jF,  the  exhaust  valve-crank 
by  F;  G  is  the  bell-crank  and  ff  the  knock-off  cam.  On 
the  other  end  of  the  cylinder  where  the  valves  and  ports 
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are  in  cross-section,  the  dotted  lines  E\  F',  G'  and  E' 
denote  the  center  lines  of  the  same  parts  on  that  end, 
and  the  arcs  at  the  endisp  of  these  lines  show  the  respect- 
ive positions  of  the  pin  centers.  Prom  each  fend  of  these 
arcs  the  center  lines  show  the  positions  of  the  pins 
irhen  they  reach  their  respective  extremes  of  travel. 
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STEAM    VALVES   OPEN    AT    BOTH   ENDS   WHEN    HOOKED    UP. 

In  Fig.  181  the  wrist-plates  and  all  connected  parts 
are  shown  in  their  central  positions,  at  which  the  ex- 
haust valves  are  lapped,  as  is  usual  in  practice,  but  the 
steam  valves  are  open  on  both  ends  when  they  are 
hooked  up.  If  hooked  up  and  not  released  the  steam 
valves  would  be  open  from  the  beginning  of  one  stroke 
up  to  75  per  cent  of  the  return  stroke,  but  when  the 
knock-off  cam-pin  center  is  at  a,  the  cut-oflf  will  be 
carried  out  to  about  seveu'-eighths  or  eleven-twelfths  of 
the  stroke,  and  the  cut-oflE  will  occur  just  before  the 
steam  valve  on  the  opposite  end  picks  up  for  lead. 
When  the  knock-oflf  cams  are  in  the  position  represented 
by  the  lines  H  and  H'y  Fig.  181,  the  cut-oflf  will  occur 
at  about  three-eighths  of  the  stroke,  and  when  the 
knock-oflf  pin  center  is  at  6  the  valves  will  remain 
lapped,  being  dropped  before  they  can  open.  If  the 
regulator  is  allowed  to  drop  down  so  the  knock-oflf  cam- 
pin  will  reach  the  point  c,  the  valves  will  not  pick  up 
and  will  remain  lapped.  This  peculiarity  must  be  thor- 
oughly fixed  in  mind. 

In  Fig.  182  the  valve-cranks  are  in  their  extreme 
positions,  and  the  eccentrics  likewise,  with  everything 
ready  to  start  in  the  direction  of  the  arrows.  On  the 
crank  end  the  steam  valve  is  lapped  and  the  exhaust 
valve  is  open,  while  reverse  conditions  exist  on  the  head 
end.  On  all  other  types  of  valve-gear  the  eccentrics 
would  be  advanced  90  degrees  when  the  valves  are 
lapped,  but  on  this  engine  the  steam  valve  is  lapped 
when  the  eccentric  is  on  its  extreme  position.  The  ex- 
haust valves  are  the  same  as  on  any  other  double- 
eccentric  Corliss  engine. 
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SETTING  THE  VALVES. 

Bearing  these  points  in  mind  we  may  proceed  to  set 
the  valves.  The  amounts  of  lap  and  lead  and  the  posi- 
tions of  the  cranks  from  the  center  lines  given  here- 
with are  for  engine  cylinders  of  36,  42,  48,  and  60-inch 
stroke. 


428  POWER  STATIONS 

First  set  the  wrist-plates  central  and  clamp  them  in 
place;  then  adjust  the  lengths  of  the  rods  so  that  the 
steam  valves  are  open  11/32  inch,  as  shown  in  Pig.  181, 
and  the  exhaust  valves  are  lapped  3/16  inoh.  If  the 
rod  lengths  are  right  the  center  lines  of  the  cranks  E 
and  -B'  will  coincide,  the  pins  of  the  cranks  F  and  P' 
will  be  one-half  inch  from  the  center  line,  as  shown,  and 
the  pins  on  each  end  of  the  bell-cranks  0  and  G'  will 
be  2y8  inches  and  9/16  ineh  from  the  center  lines. 
When  the  valves  have  been  set  with  the  wrist-plates 
central,  release  the  wrist-plates  and  roll  the  eccentrics 
around  the  shaft  to  test  them  and  the  reach-rods,  and 
see  that  they  are  of  the  right  length  to  make  the  wrist- 
plate  travel  equally  each  side  of  the  center  line. 

Then  place  the  crank  on  center  and  pull  the  steiun 
eccentric  around  enough  to  give  1/32-inch  lead,  and 
make  it  fast.  Next  move  the  engine  around  in  its 
direction  of  travel  to  about  95  degrees  of  its  stroke  and 
move  the  exhaust  eccentric  around  until  the  exhaust 
valve  on  the  same  end  is  just  opening  or  releasing. 
Make  the  exhaust  eccentric  fast  and  move  the  engine 
around  its  full  revolution  and  check  off  the  valves  on 
the  other  end  and  the  exhaust  closure.  Then  set  the 
regulator  up  to  its  central  position  and  adjust  the 
lengths  of  the  rods  from  the  lever  to  the  knock-off  cams, 
so  that  the  pins  of  the  cams  H  and  H'  will  set  %  inch 
off  the  center  line,  as  in  Fig.  181.  Let  the  regulator 
down  and  hook  up  the  wrist-plates;  then  pull  the  en- 
gine around  to  make  sure  that  the  steam  valves  are 
released  on  each  stroke  alternately  at  not  later  than 
eleven-twelfths  of  the  stroke,  and  always  before  the 
other  valve  picks  up. 
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SHAFT    GOVERNORS. 


Many  automatic  cut-off  eiigines,  especially  those  of 
the  high  speed  type,  are  fitted  with  isochronal  or  shaft 
governors.  There  are  various  styles  of  these  governors, 
btit  all  or  nearly  all  of  them  control  the  admission  of 
steam  to  the  cylinder,  and  consequently  the  point  of 
cut  oflf  by  varying  the  angular  advance  of  the  eccentric, 
which  in  such  engines  is  free  to  move  across  the  shaft, 
being  entirely  under  the  control  of  the  governor. 

Very  close  regulation  is  generally  obtained  by  the 
use  of  shaft  governors,  but  particular  attention  should 
be  given  to  the  lubrication  of  the  steam  valve,  which, 
with  this  class  of  engines,  is  generally  a  slide  valve  of 
some  description,  and  although  it  may  be  ever  so  nicely 
balanced,  yet  if  it  does  not  get  sufficient  oil,  the  friction, 
due  to  dry  surfaces  rubbing  together,  will  put  extra 
work  on  the  governor,  and  the  speed  is  liable  to  be 
irregular. 

Keying  Up.  To  keep  the  working  parts  of  an  engine 
properly  keyed  up  so  as  to  take  up  the  lost  motion 
without  causing  the  bearings  to  heat,  is  one  of  the  most 
delicate  and  exacting  duties  of  the  engineer.  Every 
engineer  worthy  of  the  name  should  aim  to  have  a 
smooth  and  quietly  running  en-gine.  In  fact,  this  is 
one  of  the  principal  tests  of  his  skill  as  an  engineer. 

A  few  general  suggestions  may  be  given  here,  but 
much  more  depends  upon  the  good  judgment  of  the 
engineer  himself. 

In  connecting  up  an  engine,  as  for  instance,  the 
crank  pin  and  crosshead,  the  key  should  first  be  driven 
in  until  it  is  solid,  that  is,  until  the  brasses  clamp  the 
pin  tightly.     Then  place  a  small  ruler  aoross  the  face 
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of  the  gib  and  key,  and  with  the  point  of  a  knife  blade, 
or  a  steel  scriber,  make  a  fine  mark  along  the  edge  of 
the  ruler.  This  will  be  the  ** solid  mark."  Now  back 
the  key  up  by  light  blows  with  the  hammer,  which 
should  be  of  copper,  until  the  brasses  are  just  loose 
enough  on  the  pin  to  permit  a  side  movement  of  the 
rod.  If  the  rod  is  very  heavy,  hold  a  block  of  wood 
against  the  side  of  the  rod  near  the  pin  and  give  it  a 


Fig.  183.     Isochronal  or  Shaft  Governor. 

blow  with  a  sledge.  If  there  is  no  movement,  back 
the  key  a  little  more,  and  keep  trying  until  there  is  a 
side  movement.  There  should  be  a  space  of  at  least 
1/32  in.  between  the  sides  of  the  brasses  and  the  flange 
of  the  pin,  so  as  to  allow  a  slight  side  play.  If  it  is 
found,  after  running  a  while,  that  there  is  too  much 
lost  motion,  causing  the  engine  to  pound,  put  the  ruler 
across  the  gib  and  key  again,  and  with  a  lead  pencil 
draw  a  line.     Then  loosen  the  set  screw  and  drive  the 
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key  in  a  distance  equal  to  the  width  of  the  line,  and 
no  more.  This  process  should  be  repeated  at  intervals 
until  the  pound  is  all  gone,  or  the  bearing  begins  to 
warm  up  slightly,  indicating  that  the  brasses  are  up  as 
close  as  they  will  run. 

The  adjustment  of  pillow  blocks  also  requires  a  large 
measure  of  skill  and  good  judgment,  and  should  be 
done  by  degrees;  but  when  once  adjusted  properly  and 
kept  well  oiled',  the  matter  of  keeping  them  in  good 
working  condition  becomes  greatly  simplified. 

If  a  pillow  block,  or  other  bearing  filled  with  babbit 
metal,  should  become  heated  to  such  a  temperature  as 
to  cause  the  metal  to  run,  do  not  shut  down  the  engine 
at  once  and  turn  on  a  stream  of  cold  water,  because 
this  will  only  make  matters  worse,  causing  the  metal 
to  stick  to  the  journal,  and  the  labor  and  trouble  of 
cleaning  it  out  will  be  increased.  The  best  method  to 
pursue  in  such  an  emergency  is  to  gradually  slow  the 
engine  down  and  keep  it  moving  at  as  slow  a  speed  as 
it  will  run,  and  in  the  naeantime  a  small  stream  of 
cold  water  may  be  allowed  to  flow  over  the  bearing, 
applying  it  to  all  parts  as  nearly  as  possible  until  it  is 
cooled,  after  which  the  engine  may  be  stopped  and  im- 
pairs made. 


THE  STEAM  TURBINE. 

Although  the  turbine  principle  of  utilizing  the  heat 
energy  in  steam  and  converting  it  into  useful  work  has 
been  experimented  upon  for  many  years,  it  is  only  since 
the  inauguration  of  the  twentieth  century  that  steam 
turbines  have  been  brought  to  the  front  as  efficient  power 
producers. 

The  piston  of  the  reciprocating  engine  is  driven  back 
and  forth  by  the  static  expansive  force  of  the  steam, 
while  in  the  steam  turbine  not  only  the  expansive  force 
is  made  to  do  work,  but  a  still  more  important  element 
is  utilized,  viz.,  the  kinetic  energy,  or  heat  energy  latent 
in  the  steam,  and  which  manifests  itself  in  the  rapid 
vibra/tory  motion  of  the  particles  of  steam  expanding 
from  a  high  to  a  low  pressure,  and  this  motion  the  steam 
turbine  transforms  into  work. 


WESTINGHOUSE-PARSONS  STEAM  TURBINE. 

The  Westinghouse-Parsons  Steam  Turbine  is  funda- 
mentally based  upon  the  invention  of  Mr.  Charles  A. 
Parsons,  who,  while  experimenting  with  a  reaction 
turbine  constructed  along  the  lines  of  Hero's  engine, 
conceived  the  idea  of  combining  the  two  principles,  re- 
action and  impulse,  and  also  of  causing  the  steam  to 
flow  in  a  general  direction  parallel  with  the  shaft  of 
the  turbine.  This  principle  of  parallel  flow  is  common 
to  all  four  types  of  turbines,  but  is  perhaps  more  promi- 
nent in  the  Westinghouse-Parsons  and  less  so  in  the  De 
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A  cubic  foot  of  steam  under  100  lbs.  pressure,  if 
allowed  to  discharge  into  a  vacuum  of  28  in.,  would 
attain  a  theoretical  velocity  of  3,860  ft.  per  second  and 
would  exert  59,900  ft.-lbs.  of  energy.  A  law  of  turbo 
mechanics  specifies  that  in  order  to  obtain  the  highest 
efficiency  in  the  operation  of  turbines  (whether  water 
or  steam)  the  relation'  between  bucket  speed  and  fluid 
speed  (steam  in  this  case)  should  be  as  follows: 

For  purely  impulse  wheels,  bucket  speed  equals  one- 
half  of  jet  speed. 


Pig.  184. 

For  reaction  wheels,  bucket  speed  equals  jet  speed. 

Assuming  the  velocity  of  the  jet  of  steam  issuing  from 
the  nozzle  to  be  4,000  ft.  per  second,  this  would  mean 
a  peripheral  speed  of  2,000  ft.  per  second  for  an  impulse 
wheel,  and  for  a  wheel  1  ft.  in  diameter  the  speed  would 
be  38,100  R.  P.  M.  But  such  a  speed  is  beyond  the  limits 
of  strength  of  material. 

As  before  stated,  the  Westinghouse-Parsons  turbine 
operates  on  both  impulse  and  reaction  principles,  and 
by  a  system  of  compounding,  which  will  be  explained 
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later  on,  the  peripheral  velocity  of  the  machine  has  been 
so  reduced  as  to  bring  it  within  practical  limits  while 
at  the  same  time  the  power  value  of  the  steam  is  utilized 
to  a  high  degree  cf  efficiency. 

The  speed  of  the  Westinghouse-Parsons  turbine  varies 
from  about  750  R.  P.  U.  for  a  5,000  K.  W.  machine  to 
3,600  R.  P.  M.  for  a  400  K.  W.  turbine. 


Fig.   185. 

Fig.  184  is  a  general  view  of  a  400  K.  W.  turbine 
generator  unit.  Fig.  185  shows  a  600  H.  P.  machine 
with  the  upper  half  of  the  cylinder,  or  stator  as  it  is 
termed,  thrown  back  for  inspection.  Fig.  186  is  a  sec- 
tional view  of  a  Westinghouse-Parsons  turbine,  and  it 
will  be  noticed  that  there  are  three  sections  or  drums, 
gradually  increasing  in  diameter  from  the  inlet  A  to 
the  third  and  last  group  of  blades.  This  arrangement 
may  be  likened  in  some  measure  to  the  triple  compound 
reciprocating  engine. 
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By  reference  to  Fig.  185  it  will  be  seen  that  the  inside 
of  the  cylinder  is  studded  with  rows  of  small  stationary 
blades  and  that  the  rotor  or  revolving  part  of  the  ma- 
chine is  also  fitted  with  rows  of  small  blades,  similar 
in  shape  an-d  dimensions  to  the  stationary  blades.  When 
the  upper  half  of  the  cylinder  is  in  position,  each  row 
of  stationary  blades  fits  in  between  two  corresponding 
rows  of  moving  blades.  This  arrangement  may  perhaps 
be  better  understood  by  reference  to  Fig.  187,  which 
illustrates  the  relation  of  the  stationary  blades  to  the 
moving  blades  when  in  position,  and  also  shows  by  the 
arrows  the  course  of  the  steam  and  its  change  of  direc- 
tion caused  by  the  stationary  blades. 


.  •    Plgj,  186. 

For  the  purposo  of  explanation  the  moving  blades  or 
vanes  may  be  considered  as  small  curved  paddles  pro- 
jecting from  the  surface  of  the  rotor,  and  there  is  a 
large  number  of  them,  as,  for  instance,  taking  a  400 
K.  W.  machine,  there  are  16,095  moving  blades  and 
14,978  stationary  blades,  a  total  of  31,073. 


436  POWEB  STATIONS 

The  stationary  vanes,  as  previously  explained  project 
from  the  inside  surface  of  the  cylinder.  Both  station- 
ary and  moving  vanes  are  similar  in  shape,  and  are  made 
of  hard  drawn  material,  and  they  are  set  into  their 
places  and  secured  by  a  caulking  process.  The  blades 
vary  in  size  from  i^  to  7  in.  in  length,  according  to 
where  they  are  used.  Referring  to  Fig.  185,  it  will  be 
observed  that  the  shortest  blades  are  placed  at  what 
might  be  termed  the  steam  end  of  each  section  or  drum 
of  the  rotor  and  cylinder,  and  that  their  length  grad- 
ually increases,  corresponding  with  the  increased  volume 
of  steam,  until  a  mechanical  limit  is  reached,  when  a 
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Pig.  187. 

new  group  of  blades  begins  on  a  succeeding  drimi  of 
larger  diameter.  Referring  to  Fig.  187,  which  is  a 
sectional  view  of  four  rows  of  blades,  it  will  be  noticed 
that  all  the  blades,  whether  stationary  or  moving,  have 
the  same  curvature.  Also  that  the  curves  are  set  oppo- 
site each  other.  The  reason  for  this  will  be  apparent  as 
the  diagram  is  studied.  The  steam  at  pressure  P  first 
comes  in  contact  with  row  1  of  stationary  blades.  It 
expands  through  this  row,  and  in  expanding  the  pressure 
fails  to  F. 
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The  energy  in  the  steam  is  converted  into  velocity, 
and  it  impinges  upon  row  2  of  moving  blades,  driving 
them  around  in  their  course  by  impulse.  A  second 
expansion  now  occurs  in  row  2  and  again  the  energy  is 
converted  into  velocity,  but  this  time  the  reaction  of 
the  steam  as  it  leaves  the  blad<es  of  row  2  also  tends  to 
impel  them  around  in  their  course.  The  moving  blades 
thus  receive  motion  from  two  causes — ^the  one  due  to  the 
impulse  of  the  steam  striking  them,  and  the  other  due 
to  the  reaction  of  the  steam  leaving  them. 

This  cycle  is  repeated  in  rows  3  and  4,  and  so  on 
throughout  the  length  of  the  rotor  until  the  exhaust  end 
is  reacfhed. 

It  should  be  noted  that  the  general  direction  taken 
by  the  steam  in  its  passage  through  the  turbine  is  in 
the  form  of  a  spiral  or  screw  line  about  the  rotor.  The 
clearance  between  the  bladies  as  they  stand  in  the  rows 
is  %  in.  for  the  smallest  size  blades  and  V^  in.  for  the 
larger  ones,  gradually  increasing  from  the  inlet  to  the 
exhaust.  In  the  5,000  K.  W.  machine  the  clearance  at 
the  exhaust  end  between  the  rows  of  blades  is  1  in.  It 
will  thus  be  seen  that  there  is  ample  mechanical  clear- 
ance, also  allowance  for  lateral  motion  for  adjustment 
of  the  rotor,  although  this  is  very  slight,  as  the  rotor 
is  balanced  at  all  loads  and  pressures  by  the  balancing 
pistons  PPP,  Pig.  186,  to  which  reference  is  now  made. 
These  pistons  revolve  within  the  cylinder,  but  do  not 
come  in  mechanical  contact  with  it;  consequently  there 
is  no  friction.  The  diameter  of  each  piston  corresponds 
to  the  diameter  of  one  of  the  three  drums. 

The  steam  entering  the  chamber  A  through  valve  V 
presses  against  the  turbine  blades  and  goes  through 
doing  work  by  reason  of  its  velocity.     It  also  presses 
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equally  in  the  opposite  direction  against  the  first  piston 
P,  and  so  the  shaft  or  rotor  has  no  end  thrust.  On  leav- 
ing the  first  group  of  blades  and  striking  the  second 
group  the  pressure  in  either  direction  is  again  equalized 
by  the  balance  port  E  allowing  the  steam  to  press  against 
the  second  balance  piston  P.  The  same  event  occurs  at 
group  three,  the  steam  acting  upon  the  third  piston  P. 

The  areas  of  the  balancing  pistpns  are  such  that,  no 
matter  what  the  load  may  be  or  what  the  steam  pres- 
sure or  exhaust  pressure  may  be,  the  correct  balance 
is  maintained  and  there  is  practically  no  end  thrust. 
Below  is  shown  a  pipe  E  connecting  the  back  of  the 
balancing  pistons  with  the  exhaust  chamber.  This  ar- 
rangement is  for  the  purpose  of  equalizing  the  pressure 
at  this  point  with  the  pressure  in  the  exhaust  chamber  B. 

It  might  be  thought  that  the  blades,  on  account  of 
their  being  so  light  and  thin,  would  wear  out  very  fast, 
but  experience  so  far  shows  that  they  do  not.  This 
may  be  accounted  for  in  two  ways.  First,  the  reduc- 
tion of  the  velocity  of  the  steam,  the  highest  velocity 
in  the  Parsons  turbine  not  exceeding  ^00  ft.  a  second ; 
secondly,  the  light  steam  thrust  on  each  blade,  said  to 
be  equal  to  about  1  oz.  avoirdupois.  This  is  far  within 
the  bending  strength  of  the  material.  A  steam  strainer 
is  also  placed  in  the  admission  port,  to  prevent  all  foreign 
substances  from  entering  the  turbine. 

A  rigid  shaft  and  thrust  or  adjustment  bearing  accu- 
rately preserves  the  clearances,  which  are  larger  in  this 
turbine  than  in  other  types,  owing  to  the  fact  that  the 
entire  circumference  of  the  turbine  is  constantly  filled 
with  working  steam  when  in  operation. 

The  bearinp:s  shown  in  Fig.  186  are  constructed  alonp 
lines  differing  from  those  of  the  ordinary  reciprocating 
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engine.  The  bearing  proper  is  a  gun  metal  sleeve  that 
is  prevented  from  turning  by  a  loose-fitting  dowel.  Out- 
side of  this  sleeve  are  three  concentric  tubes  having  a 
small  clearance  between  them.  This  clearance  is  kept 
constantly  filled  with  oil  supplied  under  light  pressure, 
which  permits  a  vibration  of  the  inner  shell  or  sleeve 
and  at  the  same  time  tends  to  restrain  or  cushion  it. 
This  arrangement  allows  the  shaft  to  revolve  about  its 
axis  of  gravity,  instead  of  the  geometrical  axis,  as  would 
be  the  case  if  the  bearing  were  of  the  ordinary  construc- 
tion. The  journal  is  thus  to  a  certain  degree  a  floating 
journal,  free  to  run  slightly  eccentric  according  as  the 
shaft  may  happen  to  be  out  of  balance. 

A  flexible  coupling  is  provided,  by  means  of  which 
the  power  of  the  turbine  is  transmitted  to  the  dynamo 
or  other  maehin-e  it  is  intended  to  run.  The  oil  from 
all  the  bearings  drains  back  into  a  reservoir,  and  from 
there  it  is  forced  up  into  a  chamber,  where  it  forms  a 
static  head,  which  gives  a  constant  pressure  of  oil  on 
all  the  bearings.  A  secondary  valve  is  located  at  Vs, 
by  means  of  which  high  pressure  steam  may  be  admitted 
to  the  steam  space  E  on  the  same  principle  that  high 
pressure  steam  is  admitted  to  the  low  pressure  cylinder 
of  a  compound  engine.  This  valve  opens  automatically 
in  cases  of  emergency,  such  as  overload,  failure  of  the 
condenser  to  work,  etc. 

The  shaft,  where  it  passes  through  either  cylinder 
head,  is  packed  with  a  water  seal  packing,  consisting 
of  a  small  paddle  wheel  attached  to  the  shaft,  which, 
through  centrifugal  action,  maintains  a  static  pressure 
of  about  5  lbs.  per  sq.  in.  in  the  water  seal,  thus  pre- 
venting all  leakage  while  at  the  same  time  it  is  fric- 
tionless. 
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The  speed  of  the  Westinghouse-Parsons  turbine  is 
regulated  by  a  fly  ball  governor  constructed  in  such 
manner  that  a  very  slight  movement  of  the  balls  serves 
to  produce  the  required  change  in  the  supply  of  steam. 
Fig.  188  is  a  diagram  of  the  governor  mechanism.  The 
ball  levers  swing  on  knife  edges  instead  of  pins.  The 
governor  works  both  ways,  that  is  to  say,  when  the 
levers  are  oscillating  about  their  mid  position  a  head  of 
steam  corresponding  to  full  load  is  being  admitted  to  the 
turbine,  and  a  movement  from  this  point,  either  up  or 
down,  tends  to  increase  or  to  decrease  the  supply  of 
steam. 


Fig.  188. 


Referring  to  Pig.  188,  B  is  a  piston  directly  con- 
nected to  the  admission  valve.  Steam  is  admitted  to 
this  piston  under  control  of  the  pilot  valve  A,  which 
has  a  slight  but  continuous  reciprocating  motion  derived 
from  the  eccentric  rod  C,  and  the  function  of  the  gover- 
nor is  to  vary  the  plane  of  oscillation  of  this  valve,  thus 
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causing  it  to  admit  more  or  less  steam  to  piston  B.  The 
admission  valve,  being  actuated  exclusively  by  piston 
B,  is  thus  caused  to  remain  open  for  a  longer  or  shorter 
period  of  time,  according  to  the  load  upon  the  turbine. 

The  vibrations  of  the  admission  valve,  although  very 
slight,  are  continuous  and  regular,  about  165  per  minute, 
and  are  transmitted  primarily  by  m«ans  of  an  eccentric, 
the  rod  of  which  is  shown  at  C,  Pig.  188. 

The  governor  sleeve  is  used  as  a  floating  fulcrum,  and 
the  points  D  and  E  are  fixed.  By  means  of  this  very 
ingenious  device  the  steam  is  admitted  to  th?  turbine  in 
puffs,  either  long  or  short,  according  to  the  demand  for 
steam.  At  full  load  the  puffs  merge  into  an  almost  con- 
tinuous blast.  When  the  load  has  increased  to  the  point 
w^here  the  valve  is  wide  open  continuously,  a  full  head  of 
steam  is  being  admitted.  Beyond  this  the  secondary 
valve  comes  into  action,  thus  keeping  the  speed  up  to 
normal. 

The  rotor,  requires  perfect  balancing  to  insure  quiet 
running,  but  this  is  easily  accomplished  in  the  shop  by 
means  of  a  balancing  machine  used  by  the  builders. 

Steam  turbines  generally  show  higher  efficiency  in 
the  use  of  steam  than  reciprocating  engines  do,  and 
this  fact  is  due  to  three  leading  causes.  First,  it  is 
possible  with  the  turbine  to  use  highly  superheated 
steam  which,  owing  to  the  difficulties  attending  lubri- 
cation, could  not  be  used  in  the  reciprocating  engine. 
Second,  a  larger  proportion  of  the  heat  contained  in 
the  steam  is  converted  into  w^ork,  for  the  reason  that 
the  steam  is  allowed  to  expand  to  a  much  lower  pressure 
and  into  a  higher  vacuum.  In  addition  to  this,  the 
velocity  of  the  expanding  steam  is  utilized  in  a  much 
higher  degree  in  the  turbine  as  compared  with  the  re- 
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ciprocating  engine.  Third,  mechanical  friction  or  lost 
work  is  reduced  to  the  minimum.  Under  test  a  400  K. 
W.  Westinghouse-Parsons  steam  turbine,  using  steam  at 
150  lbs.  initial  pressure  and  superheated  about  180°,  con- 
sumed 11.17  lbs.  of  steam  per  brake  horse  power  hour 
at  full  load.  The  speed  was  3,550  R.  P.  M.  and  the 
vacuum  was  28  in.  With  dry  saturated  steam  the  con- 
siunption  was  13.5  lbs.  per  B.  H.  P.  hour  at  full  load, 
and  15.5  lbs.  at  one-half  load. 

A  .1,000  K.  W.  machine,  using  steam  of  150  lbs. 
pressure  and  superheated  140°,  exhausting  into  a  vacuum 
of  28  in.,  showed  the  very  remarkable  economy  of  12.66 
lbs.  of  steam  per  E.  II.  P.  per  hour. 

A  1,500  K.  W.  Westinghouse-Parsons  turbine,  using 
dry  saturated  steam  of  150  lbs.  pressure  with  27  in. 
vacuum,  consumed  14.8  lbs.  steam  per  E.  H.  P.  hour 
at  full  load,  and  17.2  lbs.  at  one-half  load. 

CURTIS  STEAM  TURBINE. 

In  the  Curtis  turbine  the  heat  energy  in  the  steam  is 
imparted  to  the  wheel,  both  by  impulse  and  reaction, 
but  the  method  of  admission  differs  from  that  of  the 
Westinghouse-Parsons  in  that  the  steam  is  admitted 
through  expanding  nozzles  in  w^hich  nearly  all  of  the 
expansive  force  of  the  steam  is  transformed  into  the 
force  of  velocity.  The  steam  is  caused  to  pass  through 
one,  two,  or  more  stages  of  moving  elements,  each  stage 
having  its  own  set  of  expanding  nozzles,  each  succeeding 
set  of  nozzles  being  greater  in  number  and  of  larger 
area  than  the  preceding  set.  The  ratio  of  expansion 
within  these  nozzles  depends  upon  the  number  of  stages, 
as,  for  instance,  in  a  two-stage  machine,  the  steam  enters 
the  initial  set  of  nozzles  at  boiler  pressure,  say  180  lbs. 
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It  leaves  these  nozzles  and  enters  the  first  set*  of  moving 
blades  at  a  pressure  of  about  15  lbs.,  from  which  it 
further  expands  to  atmospheric  pressure  in  passing 
through  the  wheels  and  intermediates.  From  the  pres- 
sure in  the  first  stage  the  steam  again  expands  through 


Fig.  189.     5,000  K.  W.  Curtis  Steam  Turbine  Direct  Connected  to  5,000 
K.   W.    Three-Phase   Alternating   Current   Generator. 

the  larger  area  of  the  second  stage  nozzle  to  a  pressure 
slightly  greater  than  the  condenser  vacuum  at  the  en^ 
trance  to  the  second  set  of  moving  blades,  against  which 
it  now  impinges  and  passes  through  still  doing  w^ork,  due 
to  velocity  and  mass. 
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From  this  stage  the  steam  passes  to  the  condenser. 
If  the  turbine  is  a  four-stage  machine  and  the  initial 
pressure  is  180  lbs.,  the  pressure  at  the  different  stages 
would  be  distributed  in  about  the  following  manner; 
Initial  pressure,  180  lbs.;  first  stage,  50  lbs.;  second 
stage,  5  lbs.;  third  stage,  partial  vacuum,  and  fourth 
stage,  condenser  vacuum. 

Fig.  189  gives  a  general  view  of  a  5,000  K.  W. 
turbine  and  generator.  The  generator  is  shown  at  the 
top,  while  the  turbine  occupies  the  middle  and  lower 
section.  A  portion  of  the  inlet  steam  pipe  is  shown, 
ending  in  one  nozzle  group  at  the  sid«e.  There  are 
three  groups  of  initial  nozzles,  two  of  which  are  not 
sho^Ti.  The  revolving  parts  of  this  unit  are  set  upon 
a  vertical  shaft,  the  diameter  of  the  shaft  correspond- 
ing to  the  size  of  the  unit.  For  a  machine  having  the 
capacity  of  the  one  illustrated  by  Fig.  189  the  diameter 
of  the  shaft  is  14  in. 

The  shaft  is  supported  by  and  runs  upon  a  step 
bearing  at  the  bottom.  This  step  bearing  consists  of 
two  cylindrical  cast  iron  plates,  bearing  upon  each 
other  and  having  a  central  recess  between  them  into 
which  lubricating  oil  is  forced  under  pressure  by  a 
steam  or  electrically  driven  pump,  the  oil  passing  up 
from  beneath.  A  weighted  accumulator  is  sometimes 
installed  in  connection  with  the  oil  pipe  as  a  con- 
venient device  for  governing  the  step  bearing  pumps, 
and  also  as  a  safety  device  in  case  the  pumps  should 
fail,  but  it  is  seldom  required  for  the  latter  purpose,  as 
the  step  bearing  pumps  have  proven,  after  a  long  serv- 
ice in  a  number  of  cases,  to  be  reliable.  The  vertical 
shaft  is  also  held  in  place  and  kept  steady  by  three 
sleeve  bearings,  one  just  above  the  step,  one  between  the 
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turbine  and  generator,  and  the  other  near  the  top.  These 
guide  bearings  are  lubricated  by  a  standard  gravity  feed 
system.  It  is  apparent  that  the  amount  of  friction  in 
the  machine  is  very  small,  and  as  there  is  no  end  thrust 
caused  by  the  action  of  the  steam,  the  relation  between 
the  revolving  and  stationary  blades  may  be  maintained 
accurately.  As  a  consequence,  therefore,  the  clearances 
are  reduced  to  the  minimum. 


Fig.  190.     500  K.  W.  Curtis  Steam  Turbine  in  Course  of  Construction. 

The  Curtis  turbine  is  divided  into  two  or  more  stages, 
and  each  stage  has  one,  two  or  more  sets  of  revolving 
blades  bolted  upon  the  peripheries  of  wheels  keyed  to 
the  shaft.  There  are  also  the  corresponding  sets  of 
stationary  blades,  bolted  to  the  inner  walls  of  the  cyl- 
inder or  casing.    As  in  the  Westinghouse-Parsons  type, 
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the  function  of  the  stationary  blades  is  to  give  direc- 
tion to  the  flow  of  steam. 

Fig.  190  illustrates  one  stage  of  a  500  K.  W.  turbine 
in  course  of  construction.  It  will  be  observed  that 
there  are  three  wheels,  and  that  in  the  spaces  between 


Revolving  Buckets  for  Curtis  Steam  Turbine. 


stationary  Buckets  for  Curtis  Steam  Turbine. 
Fig.  191. 

these  wheels  the  stationary  buckets  or  vanes  are  placed, 
being  firmly  bolted  to  the  casing.  Fig.  191  shows  sec- 
tions of  both  revolving  and  stationary  buckets  ready 
to  be  placed  in  position.  The  illustration  in  Fig.  190 
shows  the  lower  or  last  stage.  The  clearance  between 
the  revolving  and  stationary  blades  is  from  1/32  to  1/16 
in.,  thus  reducing  the  wastage  of  steam  to  a  very  low 
percentage.     The  diameters  of  the  wheels  vary  accord- 


THE  STEAM  TURBINE  447 

ing  to  the  size  of  the  turbine,  that  of  a  5,000  K.  W.  ma- 
chine being  13  ft. 

Pig.  192  shows  a  nozzle  diaphragm  with  its  various 
openings,  and  it  will  be  noted  that  the  nozzles  are  set 
at  an  angle  to  the  plane  of  revolution  of  the  wheel. 

Fig.  193  is  a  diagram  of  the  nozzles,  moving  blades 
and  stationary  blades  of  a  two-stage  Curtis  steam  tur- 
bine. The  steam  enters  the  nozzle  openings  at  the  top, 
controlled  by  the  valves  shown,  the  regulation  of  which 
will  be  explained  later  on.  In  the  cut  Fig.  193  two  of 
the  valves  are  open,  and  the  course  of  the  steam  through 
the  first  stage  is  indicated  by  the  arrows.  After  pass- 
ing successively  through  the  different  sets  of  moving 
blades  and  stationary  blades  in  the  first  srtage,  the  steam 
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into  the  second  steam  chest.  The  flow  of  steam 
from  this  chamber  to  the  second  stage  of  buckets  is  also 
controlled  by  valves,  but  the  function  of  these  valves 
is  not  in  the  line  of  speed  regulation  but  for  the  purpose 
of  limiting  the  pressure  in  the  stage  chambers,  in  a 
manner  somewhat  similar  to  the  control  of  the  receiver 
pressure  in  a  two-cylinder  or  three-cylinder  compound 
reciprocating  engine. 

The  valves  controlling  the  admission  of  steam  to  the 
second  and  later  stages  differ  from  those  in  the  first 
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group  in  that  they  partake  more  of  the  nature  of  slide 
valves  and  may  be  operated  either  by  hand  or  auto- 
matically ;  in  fact,  they  require  but  very  little  regulation. 
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Fig.   193.     Diagram  of  Nozzles  and  Bucketa  in  Cuxti&'  Steam  Turbine. 


as   the   governing   is   always   done   by   the  live   steam 
admission  valves. 
Action  of  the  Steam  in  a  Two-stage  Machine, — As 
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previously  stated,  tbe  st«am  first  strikes  the  moving 
blades  in  the  first  stage  of  a  two-stage  machine  at  a 
pressure  of  about  15  lbs.  above  atmospheric  pressure, 
but  with  great  velocity.  Prom  this  wheel  it  passes  to 
the  set  of  stationary  blades-  between  it  and  the  next 
lower  wheel.  These  stationary  blades  change  the  direc- 
tion of  flow  of  the  steam  and  cause  it  to  impinge  the 
buckets  of  the  second  wheel  at  the  proper  angle. 

This  cycle  is  repeated  until  the  steam  passes  from 
the  first  stage  into  the  receiving  chamber  or  steam 
chest  for  the  second  stage.  Its  passage  from  this 
chamber  into  the  second  stage  is  controlled  by  valves, 
which,  as  before  stated,  are  regulated  either  by  hand 
or  automatically.  The  course  of  the  steam^  through 
the  nozzles  and  blades  of  the  second  stage  is  clearly 
indicated  by  the  arrows,  and  it  will  be  noted  that  steam 
is  passing  through  all  the  nozzles. 

At  this  point  it  might  be  well  to  consider  the  ques- 
tion which  no  doubt  arises  in  the  mind  of  the  student 
in  his  efforts  to  grasp  the  underlying  principles  in  the 
action  of  the  steam  turbine.  Why  is  it  that  the  impinge- 
ment of  the  steam,  at  so  low  a  pressure,  against  the  blades 
or  buckets  of  the  turbine,  imparts  such  a  large  amount  of 
energy  to  the  shaft? 

The  answer  is,  because  of  velocity,  and  a  good  ex- 
ample of  the  manner  in  which  velocity  may  be  made 
to  increase  the  capacity  of  an  agent  to  do  work  is  illus- 
trated in  the  following  way:  Suppose  that  a  man  is 
standing  within  arm's  length  of  a  heavy  plate  glass  win- 
dow and  that  he  holds  in  his  hand  an  iron  ball  weighing 
10  lbs.  Suppose  the  man  should  place  the  ball  against 
the  glass  and  press  the  same  there  with  all  the  energy 
he  is  capable  of  exerting.    He  w-ould  make  very  little,  if 
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any,  impression  upon  the  glass.  But  suppose  that  he 
should  walk  away  from  the  window  a  distance  of  20  ft. 
and  then  exert  the  same  amount  of  energy  in  throwing 


Fig.    194.     Governor   for   5,000   K.   W.   Turbine. 

the  ball  against  the  glass,  a  different  result  would  ensue. 
The  velocity  with  which  the  ball  would  impinge  the 
surface  of  the  glass  would  no  doubt  ruin  the  window. 
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Now,  notwithstanding  the  fact  that  weight,  energy  and 
time  involved  were  exactly  the  same  in  both  instances, 
yet  a  much  larger  amount  of  work  was  performed  in  the 
latter  case,  owing  to  the  added  force  imparted  to  the 
ball  by  the  velocity  with  which  it  impinged  against  the 


Fig.    195.     Electrically   Operated   Valve. 

Speed  Regulation. — The  governing  of  speed  is  accom- 
plished in  the  first  set  of  nozzles,  and  the  control  of  the 
admission  valves  here  is  effected  by  means  of  a  cen- 
trifugal governor  attached'  to  the  top  end  of  the  shaft. 
This  governor,  by  a  very  slight  movement,  imparts 
motion  to  levers,  which  in  turn  work  the  valve  mechan- 
ism. The  admission  of  steam  to  the  nozzles  is  con- 
trolled by  piston  valves,  which  are  actuated  by  steam 
from  small  pilot  valves  which  are  in  turn  under  the  con- 
trol of  the  governor.  Pig.  194  shows  the  form  of  gover- 
nor for  a  5,000  K.  W.  turbine,  and  Fig.  195  shows  the 
electrically  operated  admission  valves  for  one  set  of 
nozzles. 
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Speed  regulation  is  afifeeted  by  varying  the  number 
of  nozzles  in  flow,  that  is  for  light  loads  fewer  nozzles 
are  open  and  a  smcdler  volume  of  steam  is  admitted  to 
the  turbine  wheel,  but  the  steam  that  is  admitted 
impinges  the  moving  blades  with  the  same  velocity 
always,  no  matter  whether  the  volume  be  large  or  small. 
With  a  full  load  and  all  the  nozzle  sections  in  flow,  the 
steam  passes  to  the  wheel  in  a  broad  belt  and  steady 
flow.  . 

ALUS-CHALMERS    STEAM    TURBINE. 

Fig.  196  shows  a  general  view  of  the  AUis-Chaimers 
steam  turbine,  and  although  it  is  essentially  of  the  **  Par- 
sons" type,  still  there  are  a  number  of  modifications  in 
details  of  construction,  as  compared  with  the  Westing- 
house-Parsons  steam  turbine,  some  of  which,  no  doubt 
may  be  considered  as  adding  to  the  efficiency,  and  dura- 
bility of  the  machine.  ; 


Pig.  197  is  a  sectional  view  of  the  ** elementary" 
Parsons  type  of  steam  turbine,  and  its  various  parts  are 
described  as  follows: 

Main  bearings,  A  and  B.  Thrust  bearing,  R.  Steam 
pipe  C.    Main  throttle  valve,  D,  which  is  balanced,  and 


454 


POWER  STATIONS 


operated  by  the  governor.  Steam  enters  the  cylinder 
through  passage  E,  passes  to  the  left  through  the  alter- 
nate rows  of  stationary  and  revolving  blades,  leaving 
the  cylinder  at  P  and  passes  into  the  condenser,  or  at- 
mosphere through  passage  G-H,  J  and  K  are  the  three 
steps  or  stages  of  the  machine.  L,  M  and  N  are  the 
three  balance  pistons.  0,  P  and  Q  are  the  equalizing 
passages,  connecting  the  balance  pistons  with  the  corre- 
sponding stages. 


Fig.  198. 


Fig.  198  shows  a  sectional  view  of  the  ** Parsons"  tur- 
bine with  the  Allis-Chalmers  modifications.  L  and  M 
are  the  two  balance  pistons  at  the  high  pressure  end.  Z 
is  a  smaller  balance  piston  placed  in  the  low  pressure 
end,  yet  having  the  same  effective  area  as  did  the  larger 
piston  N  shown  in  Pig.  197.  0  and  Q  are  the  two  equal- 
izing passages  for  pistons  L  and  M.  Passage  P  is  omitted 
in  this  construction  and  balance  piston  Z  is  equalized 
with  the  third  stage  pressure  at  Y.  Valve  V  is  a  by- 
pass valve  to  allow  of  live  steam  being  admitted  to  the 
second  stage  of  the  cylinder  in  case  of  a  sudden  over- 
load. This  by-pass  valve  is  the  equivalent  of  the  by-pass 
valve  used  to  admit  live  steam  to  the  low  pressure  cyl- 
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inder  of  a  compound  reciprocating  engine.  Valve  V  is 
arranged  to  be  operated,  either  by  the  governor  or  by 
hand,  as  the  conditions  may  require.  Frictionless  glands 
made  tight  by  water  packing  are  provided  at  S  and  T 
where  the  shaft  passes  out  of  the  cylinder.  The  shaft  is 
extended  at  U  and  connected  to  the  generator  shaft  by  a 
flexible  coupling. 

The  action  of  the  steam,  and  the  general  arrange- 
ment of  the  stationary  and  moving  blades  is  practically 
the  same  in  the  two  turbines,  with  the  exception  that, 
in  the  larger  sizes  of  the  Allis-Chalmers  turbine  the  ''bal- 
ance" pistons  for  neutralizing  the  end  thrust,  are  ar- 
ranged in  a  different  manner,  the  largest  one  of  the 
three  pistons  (piston  N — Pig.  197),  is  replaced  by  a 
smaller  balance  piston. 

This  piston  presents  the  same  effective  area  for  the 
steam  to  act  upon,  as  did  the  larger  piston,  for  the  reason 
that  the  working  area  of  the  latter  in  its  original  location 
consisted  only  of  the  annular  area,  included  between  its 
periphery,  apd  the  periphery  of  the  next  smaller  piston. 
The  pressure  of  the  steam  is  brought  to  bear  upon  this 
equalizing  piston  in  its  new  position,  by  means  of  pas- 
sages or  ports  through  the  body  of  the  rotor,  connecting 
the  third  stage  of  the  cylinder  with  the  supplementary 
cylinder,  in  which  the  piston  revolves.  Fig.  199  shows 
the  arrangement  of  blading,  the  course  of  the  steam  being 
indicated  by  the  arrows.  The  clearances  between  the 
edges  of  the  revolving  and  stationary  blades,  as  shown  in 
the  cut  are  relatively  out  of  proportion  to  the  actual 
clearances  allowed. 

This  clearance  is  preserved  by  means  of  a  small  thrust- 
bearing  provided  inside  the  housing  of  the  main  bearing. 

This  thrust-bearing  can  be  adjusted  to  locate  and  hold 
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tho  rotor  in  such  a  position  as  will  allow  sufficient  clear- 
ance to  prevent  actual  contact  bet^en  the  moving  and 
stationary  blades  and  yet  reduce  the  leakage  of  steam 
to  a  minimum. 
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Fig.  199  showing  arrangement  of  blading  and  course  of  the  steam  in 
Parsons  steam  turbine. 

The  method  by  which  the  blades  are  fitted  to  and  held 
in  the  rotor  and  cylinder  of  the  AUis-Chalmers  steam 
turbine  is  as  follows :  Each  blade  is  individually  formed 
by  special  machine  tools,  so  that  its  root  or  foot  is  of 
an  angular,  or  dove-tail  shape,  and  at  its  tip  there  is  a 
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projection.  In  order  that  the  roots  of  the  blade  may 
be  firmly  held  in  position,  a  foundation  ring,  A,  Fig.  200, 
is  provided,  which  after  being  formed  to  a  circle  of  the 
proper  diameter,  has  slots  cut  in  it  by  a  special  milling 
machine. 

These  slots  are  formed  of  dove-tail  shape  to  receive 
the  roots  of  the  blades  and  are  at  the  same  time  accurate- 
ly spaced,  and  inclined  so  as  to  give  the  required  pitch 
and  angles  to  the  blades. 


Pig.  200. 

The  foundation  rings  are  also  of  dove-tail  shape  in 
cross-section,  those  holding  the  stationary  blades  are  in- 
serted in  dove-tail  grooves  in  the  cylinder  and  those  hold- 
in  sr  the  revolving  blades  being  pressed  into  the  rotor  or 
rnindl^, 
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The  rings  are  firmly  held  in  their  places  by  key-pieces 
driven  into  place  and  upset  into  under-cut  grooves,  thus 
poedtively  locking  the  whole  structure  together,  and 
making  it  practically  impossible  for  a  blade  to  get  out  of 
place. 

The  tips  of  the  blades  are  held  and  firmly  bound  to- 
gether by  a  shroud-ring,  B,  Fig.  200. 

The  shroud^rings  are  made  channel-shape,  in  cross-sec- 
tion, the  flanges  being  made  thin  in  order  to  prevent 
dangerous  heating  in>  case  of  accidental  contact  with 
either  the  walls  of  the  cylinder  or  the  surface  of  the 
rotor. 

The  bearings  of  this  turbine  are  of  the  self-adjusting 
ball  and  socket  type,  designed  for  high  speed.  Shims 
are  provided  for  proper  alignment.  The  lubrication  of 
the  four  bearings,  two  for  the  turbine,  and  two  for  the 
generator,  is  accomplished  by  supplying  an  abundance 
of  oil  to  the  middle  of  each  bearing  and  allowing  it  to 
flow  out  at  the  ends  where  it  is  caught,  passed  through 
a  cooler,  and  pumped  back  to  the  bearings. 

The  fact  that  the  oil  is  supplied  in  large  quantities 
to  the  bearings  does  not  involve  .a  heavy  oil  bill. 

The  journals  are  practically  floating  on  films  of  oil, 
thus  preventing  that  ** wearing  out"  of  the  oil  that  oc- 
curs when  it  is  supplied  in  small  ** doses." 

The  governor  is  driven  from  the  turbine  shaft  by 
means  of  cut  gears  working  in  an  oil-bath. 

The  governor  operates  a  balance  throttle  valve  by 
means  of  a  relay,  except  in  very  small  sizes  in  which 
the  valve  is  worked  direct. 

In  order  to  provide  for  any  possible  accidental  de- 
rangement of  the  main  governing  mechanism,  an  en- 
tirely separate   safety  or  over-speed  governor  is  fur- 


THE  STEAM  TURBINE  459 

nished.  This  governor  is  driven  directly  by  the  turbine 
shaft  without  the  intervention  of  gearing,  and  is  so  ar- 
ranged and  adjusted  that  if  the  turbine  should  reach  a 
predetermined  speed  above  that  for  which  the  main  gov- 
ernor is  set,  tlie  safety  governor  will  come  into  action  and 
trip  a  valve,  shutting  off  the  srteam  and  stopping  the  tur- 
bine. A  €rt;rainer  is  provided  through  which  the  steam  is 
passed  before  admission  to  the  turbine. 

For  connecting  the  rotors  of  the  turbine  and  genera- 
tor a  special  type  of  flexible  coupling  is  used  to  provide 
for  any  slight  inequality  in  the  wear  of  the  bearings,  to 
permit  axial  adjustment  of  the  turbine  spindle,  and  to 
allow  for  differences  in  expansion.  This  coupling  is  so 
made  that  it  can  be  readily  disconnected  for  the  removal 
of  the  turbine  spindle  or  of  the  revolving  field  of  the  gen- 
erator. Provision  is  made  for  ample  lubrication  of  the 
adjoining  faces  of  the  coupling.  The  coupling  is  enclosed 
in  the  bearing  housing,  so  that  it  is  completely  protected 
against  damage,  and  cannot  cause  injury  to  the  attend- 
ants. 

Waste  of  heat  by  radiation  is  prevented  in  the  f oUow- 
ing  manner: 

The  hot  parts  of  the  turbine,  up  to  the  exhaust  cham- 
ber, are  covered  with  an  ample  thickness  of  non-conduct- 
ing material  and  lagged  with  planished  steel. 

For  large  AUis-Chalmers  turbines  the  bedplate  is  di- 
vided into  two  parts,  one  carrying  the  low-pressure  end 
of  the  turbine  and  the  bearings  of  the  generator,  the 
other  carrying  the  high-pressure  end  of  the  turbine.  The 
turbine  is  secured  to  the  former,  while  the  latter  is  pro- 
vided with  guides  which  permit  the  machine  to  slide 
back  and  forth  with  differences  of  expansion  caused  by 
varying  temperature,  at  the  same  time  maintaining  the 
alignment. 
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It  may  be  said  in  general  of  the  steam  turbine,  that 
it  has  passed  the  experimental  stage,  and  has  come  to  the 
front  as  an  efficient  power  producer,  having  a  bright 
future  before  it.  It  has  solved  the  problem  of  using 
superheated  steam,  owing  to  the  absence  of  all  rubbing 
parts  exposed  to  the  steam.  This  permits  the  use  of 
steam  of  high  temperature  thus  making  it  possible  to 
realize  the  advantages  of  economical  operation. 


DISPOSAL  OP  THE  EXHAUST  STEAM  OP  STEAM  TURBINES. 

As  in  the  case  of  the  reciprocating  engine,  the 
highest  efficiency  in  the  operation  of  the  steam  turbine 
•  is  obtained  by  allowing  the  exhaust  steam  to  pass  into 
a  condenser,  and  experience  has  demonstrated  that  it 
is  possible  to  maintain  a  higher  vacuum  in  the  con- 
denser of  a  turbine  than  in  that  of  a  reciprocating 
engine.  This  is  due,  no  doubt,  to  the  fact  that  in  tfie 
turbine  the  steam  is  expanded  down  to  a  much  lower 
pressure  than  is  possible  with  the  reciprocating  engine. 

The  condensing  apparatus  used  in  connection  with 
steam  turbines  may  consist  of  any  one  of  the  modem 
improved  systems,  arid  as  no  cylinder  oil  is  used  within 
the  cylinder  of  the  turbine,  the  water  of  condensation 
may  be  returned  to  the  boilers  as  feed  water.  If  the 
condensing  water  is  foul  or  contains  matter  that  would 
be  injurious  to  the  boilers,  a  surface  condenser  should 
be  used.  If  the  water  of  condensation  is  not  to  be  used 
in  the  boilers,  the  jet  system  may  be  employed.  An- 
other type  of  condenser  that  is  being  successfully  used 
with  steam  turbines  is  the  Bulkley  injector  condenser. 

Among  the  steam  turbines  that  were  on  exhibition  at 
the    St.   Louis   exposition   in   1904   the   Westinghouse- 
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Fig.  201.    Spindle  or  Rotor,  Allis  Chalmers  Steam  Tufbine. 
The  rlDgs  which  carry  the  blades  are  pressed  on. 
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Parsons  and  the  General  Electric  Curtis  turbines  were 
each,  equipped  with  Worthington  surface  condensers, 
fitted  with  improved  auxiliaxy  apparatus  consisting  of 
dry  vacuum  pumps,  either  horizontal  of  the  well-known 
Worthington  type,  or  rotative  motor-driven,  a  hot  well 
pump,  and  a  pump  for  disposing  of  the  condensed 
steam  from  the  exhaust  system.  The  two  latter  pumps 
were  of  the  Worthington  centrifugal  type.  The  Ham- 
ilton-Holzwarth  turbine  was-  equipped  with  a  Smith- 
Vaile  surface  condenser,  fitted  with  a  duplex  double- 
acting  air  pump,  a  compoun<J  condensing  circulating 
pump;  and  a  rotative  dry  vacuum  pump,  motor-driven. 
The  vacuum  maintained  was  high,  28  to  28.5  in. 

As  an  instance  of  the  great  gain  in  economy  effected 
by  the  use  of  the  condenser  in  connection  with  the 
steam  turbine,  a  750  K.  W.  Westinghouse-Parsons  tur- 
bine, using  steam  of  150  lbs.  pressure  not  superheated 
and  exhausting  into  a  vacuum  of  28  in.,  showed  a  steam 
couOTimption  of  13.77  lbs.  per  B.  H.  P.  per  hour,  while 
the  same  machine  operating  non-condensdng  consumed 
28.26  lbs.  of  steam  per  B.  H.  P.  hour.  Practically  the 
same  percentage  in  economy  effected  by  condensing  the 
exhaust,  applies  to  the  other  types  of  steam  turbines. 

With  reference  to  the  relative  cost  of  operating  the 
several  auxiliaries  necessary  to  a  complete  condensing 
outfit,  the  highest  authorities  on  the  subject  place  the 
power  consumption  of  these  auxiliaries  at  from  2  to  7 
per  cent  of  the  total  turbine  output  of  power.  A  por- 
tion of  this  is  regained  by  the  use  of  an  open  heater 
for  the  feed  water,  into  which  the  exhaust  steam  from 
the  auxiliaries  may  pas®,  thus  heating  the  feed  water 
and  returning  a  part  of  the  heat  to  the  boilers. 

A  prime  requisite  to  the  maintenance  of  high  vacuum. 
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with  the  resultant  economy  in  the  operation  of  tho 
condensing  apparatus,  is  that  all  entrained  air  must  be 
excluded  from  the  condenser.  There  are  various  ways 
in  which  it  is  possfibk  for  air  to  find  its  way  into  the 
condensing  system.  For  instance,  there  may  be  an 
improperly  packed  gland,  or  there  may  be  slight  leaks 
in  the  piping,  or  the  air  may  be  introduced)  with  the 
condensing  water.  This  air  should  be  removed  before 
it  reaches  the  condenser,  and  it  may  be  accomplished 
by  means  of  the  **dry"  air  pump. 

This  dry  air  pump  is  different  from  the  ordinary  air 
pump  that  is  used  in  connection  with  most  condensing 
systems.  The  dry  air  pump  handles  no  water,  the  cylin- 
der being  lubricated  with  oil  in  the  same  manner  as 
the  steam  cylinder.  The  clearances  also  are  made  as 
small  as  possible.  These  pumps  are  built  either  in  one 
or  two  stages. 

A  barometric  or  a  jet  condenser  may  be  used,  or  a  sur- 
face condenser.  The  latter  type  lessens  the  danger  of 
entrained  air,  besides  rendering  it  possible  to  return  the 
condensed  steam,  which  is  pure  distilled  water,  to  the 
boilers  along  with  the  feed  water,  a  thing  very  much  to 
be  desired  in  localities  where  the  water  used  for  feeding 
the  boilers  is  impregnated  with  carbonate  of  lime  or 
other  scale-forming  ingredients. 

In  comparing  the  efficiency  of  the  reciprocating  en- 
gine and  the  steam  turbine  it  is  not  to  be  inferred  that 
reciprocating  engines  would  not  give  better  results  at 
high  vacuum  than  they  do  at  the  usual  rate  of  25  to  26 
in.,  but  to  reach  and  maintain  the  higher  vacuum  of  28 
to  28.5  in.  with  the  reciprocating  engine  would  necessi- 
tate much  larger  sizes  of  the  low-pressure  cylinder,  as 
also  the  valves  and  exhaust  pipes,  in  order  to  handle  the 
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greatly  increased  volume  of  steam  at  the  low  pressure 
demanded  by  high  vacuum.. 

The  steam  turbio/e  expands  its  working  steam  to  within 
1  in.  of  the  vacuum  existing  in  the  condenser,  that  is,  if 
there  is  a  vacuum  of  28  in.  in  the  condenser  there  will 
be  27  in.  of  vacuum  in  the  exhaust  end  of  the  turbine 
cylinder.  On  the  other  hand,  there  is  usually  a  differ- 
ence of  4  or  5  (2  to  2.5  lbs.)  between  the  mean  back 
pressure  in  the  cylinder  of  a  reciprocating  condensing 
engine  %nd  the  absolute  back  pressure  in  the  condenser. 

It  therefore  appears  that  the  gain  in  economy  per  inch 
increase  of  vacuum  above  25  in.  is  much  larger  with  the 
turbine  than  it  is  with  the  reciprocating  engine.  Mr. 
J.  R.  Bibbins  estimates  this  gain  to  be  as  follows:  be- 
tween 25  and  28  in.  there  is  a  gain  of  By2  to  4  per  cent 
per  inch  of  increase,  and  at  28  in.  5  per  cent.  These  re- 
sults have  been  obtained  by  means  of  exhaustive  tests 
conducted  by  Mr.  Bibbins.  Other  high  authorities  on 
the  steam  turbine  all  agree  as  to  the  great  advantages  to 
be  derived  by  incurring  the  extra  expense  of  erecting  a 
condensing  plant  that  is  capable  of  maintaining  the  high 
vacuum  necessary  to  high  efficiency. 

Another  method  by  which  the  steam  consumption  of 
the  turbine  may  be  materially  decreased  and  a  great  gain 
in  economy  effected  is  by  superheating  the  steam.  The 
amount  of  superheat  usually  specified  is  100°,  and  the 
apparatus  employed  for  producing  it  may  be  easily 
mounted  in  the  path  of  the  waste  gases.  The  steam  may 
thus  be  superheated  without  extra  cost  in  fuel,  and- an 
increase  of  8  to  10  per  cent  in  economy  eflfected.  The 
independent  superheater  requires  extra  fuel  and  labor, 
and  the  gain  in  this  case  is  doubtful,  but  there  can  be  no 
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question  as  to  the  wisdom  of  utilizing  the  waste  flue 
gases  for  superheating  the  steam. 

As  previously  stated,  the  steam  turbine  is  peculiarly 
adapted  for  the  use  of  highly .  superheated  steam  and 
high  vacuum,  and  in  these  two  particulars  it  excels  the 
reciprocating  engine.  At  the  present  time  many  large 
plants  are  equipped  with  turbine  engines  that  are  giving 
the  best  of  results,  and  the  outlook  for  the  future 
employment  of  this  type  of  power  producer  is  certainly 
very  promising. 


QUESTIONS. 

233.  What  is  implied  in  the  proper  adjustment  of 
the  valves  of  an  engine  ? 

Ans,  The  vaJve  or  valves  must  be  so  adjusted  that  the 
following  named  functions  will  each  occur  at  the  proper 
moment  during  one  stroke  of  the  piston :  first,  admission ; 
second,  cut-off;  third,  release;  fourth,  exhaust  closure. 

234.  What  two  factors  are  necessary  in  order  that 
the  valve  may  be  able  to  perform  these  functions? 

Ans.     The  valve  must  have  lap,  and  lead. 

235.  How  does  the  valve  receive  its  motion? 
Ans,     Through  the  medium  of  the  eccentric. 

236.  What  is  the  first  step  in  valve  setting? 
Ans,  To  place  the  engine  on  the  dead  center. 

237.  Whijih  direction  should  the  engine  be  moved, 
when  placing  it  on  the  dead  center? 

Ans,     In  the  direction  in  which  it  is  to  run. 

238.  Why  should  the  engine  be  moved  in  that  direc- 
tion? 

Ans,  On  account  of  the  lost  motion  of  the  moving 
parts,  which  would  permit  of  considerable  movement 
of  the  wheel,  before  any  movement  of  the  cross-h3ad 
would  take  place.  This  would  result  in  an  error  in  tak- 
ing measurements. 

239.  What  is  the  next  step  in  valve  setting? 

Ans,  To  properly  adjust  the  length  of  the  eccentric 
rod? 

240.  What  is  next? 

.4ns.  To  place  the  valve  in  its  central  position  on  its 
seat  and  mark  it. 
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241.  How  is  the  correct  travel  of  the  valve  ascer- 
tained ? 

Ans.  Connect  the  valve  rod  to  the  eccentric  rod,  and 
turn  the  eccentric  around  on  the  shaft  to  the  limit  of  its 
throw  in  one  direction  and  measure  the  distance  the 
valve  has  traveled  from  its  central  position.  Next  turn 
the  eccentric  to  its  extreme  throw  in  the  opposite  direc- 
tion. This  should  move  the  valve  the  same  distance  from 
its  central  position,  in  that  direction. 

242.  If  the  valve  does  not  travel  equal  distances  each 
way  from  its  central  position  what  must  be  done  ? 

Ans,  Its  travel  must  be  equalized  by  making  the  ne- 
cessary changes. 

243.  What  is  the  next  important  move  in  valve  ad- 
justment? 

Ans,  To  set  the  eccentric  at  its  proper  location  on  the 
shaft. 

244.  How  is  the  proper  lead  given  to  the  valve? 
Ans.  Through  the  angular  advance  of  the  eccentric. 

245.  How  does  a  shaft  governor  control  the  speed  of 
the  engine? 

Ans,  By  varying  the  angular  advance  of  the  eccen- 
tric, which  with  this  class  of  governors  is  free  to  move 
across  the  shaft. 

246.  Explain  the  chief  points  of  difference  between 
the  action  of  the  reciprocating  steam  engine,  and  the 
steam  turbine? 

Ans,  The  piston  of  the  reciprocating  engine  is  driven 
back  and  forth  by  the  static  expansive  force  of  the 
steam ;  while  in  the  steam  turbine,  not  only  is  this  static 
expansive  force  made  to  do  work,  but  the  velocity  of  the 
steam  in  expanding  from  a  high,  to  a  low  pressure  is 
also  utilized  in  turning  the  rotor  of  the  turbine. 
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247.  What  other  important  factors  enter  into  the 
operation  of  a  steam  turbine? 

Arts,     The  principles  of  reaction  and  impulse. 

z48.  Name  several  of  th«  more  important  advantages 
that  the  turbine  has  over  the  reciprocating  engine  ? 

Ans.  First,  highly  superheated  steam  of  a  high  ini- 
tial pressure  may  be  used  in  the  turbine.  Second,  a  larger 
proportion  of  the  heat  in  the  steam  may  be  converted 
into  work  with  the  turbine.  Third,  there  is  much  less 
friction  with  the  turbine. 

249.  What  is  the  most  economical  method  of  dispos- 
ing of  the  exhaust  steam  from  a  turbine  ? 

Ans.    By  allowing  it  to  pass  into  a  condenser. 

250.  Will  the  turbine  expand  the  steam  to  as  low  a 
pressure  as  the  reciprocating  engine  will? 

Atis.    Yes,  and  even  lower. 

251.  What  type  of  condensing  apparatus  is  neces- 
sary with  the  steam  turbine  ? 

Ans.  The  same  kind  that  is  used  on  reciprocating  en- 
gines. 

252.  How  low  will  a  well  regulated  turbine  allow 
the  steam  to  expand? 

Ans.  To  within  one  inch  of  the  vacuum  existing  in 
the  condenser. 


THE  GAS  ENGINE. 

The  gas  engine  differs  structurally  from  the  steam  en- 
gine in  two  particulars,  it  is  much  more  ponderous  than 
a  steam  engine  of  equal  output  and  has  usually  a  much 
heavier  crank-shaft.  The  difference  in  total  weight  must 
not  be  laid  to  the  higher  mean  pressures  exerted  in  the 
cylinder,  for,  in  engines  of  a  certain  power,  the  mean 
pressure  in  the  gas-engine  cylinder  will  be  higher  than 
that  in  the  steam-engine  cylinder,  so  that  for  a  given 
power  per  stroke  the  gas  engine  may  have  the  smaller 
cylinder.  But  the  four-stroke-cycle  gas  engine  has  only 
one  working  stroke  in  four.  For  a  given  power,  there- 
fore, its  cylinder  area  must  be  four  times  the  area  of  the 
steam-engine  cylinder,  per  pound  of  mean  effective 
pressure.  Since  this  latter  will  be  as  3  to  2,  approxi- 
mately, the  actual  cylinder  area  will  be  as  2.66  to  1,  or 
the  diameter  ratio  will  be  1.63  to  1. 

Approximately  the  gas  engine  appears  fully  50  per 
cent  the  larger  when  its  piston  speed  is  the  same  as  that 
of  the  steam  engine.  This  is  a  very  strong  inducement 
to  the  designer  to  produce  an  engine  which  shall  do  work 
in  both  ends  of  the  cylinder.  Such  a  design,  however, 
necessitates  a  piston-rod  stuffing-box,  gland  and  cooling 
devices.  It  involves  double  the  number  of  explosions  per 
minute  in  the  cylinder  and  it  renders  possible  a  reduc- 
tion of  the  cylinder  ratio,  as  compared  with  a  steam  en- 
gine, to  1.33  to  1.  Regarding  single  acting,  or  double 
acting  gas  engines,  the  difference  in  stress  on  the  crank 
shaft  must  be  taken  into  account.     A  single-acting  en- 
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gine  produces  a  torsion  in  the  shaft  which  is  reversed 
on  the  next  stroke  when  the  shaft  is  pushing  back  the 
piston.  Reversing  stresses  are  about  50  per  cent,  more 
destructive  than-  stresses  in  one  direction  only.  The 
crank-shaft  strength  ratio  is  thus  not  simply  4 :1,  as  be- 
tween a  four-stroke  and  a  one-stroke  method  of  working, 
but  it  is  as  6 :1,  or  diametrally  as  1.8 :1,  the  strength  varj--- 
ing  as  the  cube  of  the  diameter.  This  is  why  gas-engine 
crank  shafts  are  so  very  large  and  this  point  must  be  of 
great  importance  on  the  score  of  cost.  Indeed  the  four- 
stroke  engine  embodies  a  large  amount  of  material  which 
does  very  little  work  during  a  large  proportion  of  its 
working  hours. 

The  gas  engine  is  a  prime  mover  which  derives  its 
power  or  energy  from  the  heat  generated  by  the  combus- 
tion within  its  cylinder,  of  a  mixture  of  gas  and  air  in 
the  proper  proportion  to  form  an  explosive.  The  com- 
bustion of  this  charge  of  gas  and  air  is  occasioned  under 
a  close  or  heavy  compression,  a  result  of  the  inward 
movement  of  the  piston  after  the  charge  is  admitted  and 
all  valves  closed.  The  result  of  igniting  this  mixture 
under  the  heavy  compression  is  what  is  commonly  called 
an  explosion,  which  is  nothing  more  than-  a  quick  bum- 
ing  or  rapid  combustion  of  the  mixture.  This  sudden 
explosion  causes  a  high  degree  of  heat  within  the  cylin- 
der behind  the  piston,  and,  the  resultant  high  initial 
pressure  against  the  piston  drives  it  forward,  and, 
through  the  medium  of  connecting  rod  and  crank,  mo- 
tion is  imparted  to  the  main  engine  shaft.  The  original 
gas  engines,  and  a  majority  of  the  smaller  sizes  of  to- 
day, operate  upon  the, Beau  de  Rochas  cycle  or  four 
stroke  cycle,  sometimes  termed  the  Otto  cycle,  meaning 
that  an  engine  completes  a  cycle  in  four  acts,  defined  m 
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follows:  (1)  Induction — During  an  outstroke  of  the 
piston,  air  and  gas  in  suitable  proportions  are  drawn 
into  the  cylinder.  (2)  Compression — The  following  in- 
stroke  eompresses  the  combustible  mixture  into  the  clear- 
toce  space.  (3)  Explosions-Ignition  of  the  compressed 
charge  causes  a  rapid  rise  of  pressure  and  subsequent 
expansion  of  products.  (4)  Expulsion — The  expanded 
gases  are  expelled  by  the  returning  piston.  In  this  type 
of  gas  engine,  two  revolutions  of  the  crank  shaft  are  ne* 
cessary  in  order  to  complete  one  cycle. 

Many  small  engines  and  some  of  those  of  largest  power 
are  designed  upon  the  2-stroke  cycle,  which  is  as  follows: 
(1)  Compression  of  the  charge.  (2)  Ignition,  explosion 
and  expansion,  and  at  the  end  of  the  stroke  the  exhaust 
products  are  expelled  and  the  cylinder  filled  by  a  mix- 
ture  of  gas  and  air  under  pressure.  In  the  two  cycle  en- 
gine, two  compression  chambers  are  necessary  due  to  the 
fact  that  in  this  type  of  gas  engine  consisting  of  two 
cylinders,  either  side  by  side,  or  tandem,  the  charge  of 
gas  and  air  is  being  received  in  one  cylinder,  while  the 
previous  charge  in  the  other  cylinder  is  being  com- 
pressed, preparatory  to  explosion.  A  two  cycle  engine 
thus  explodes  a  charge,  and  receives  an  impulse  at  each 
revolution.  It  is  important  to  admit  only  pure  air  and 
gas  into  engine  cylinders.  Dust  and  grit,  or  tarry  mat- 
ters cause  rapid  wear  of  interior  surfaces.^  Care  is  also 
necessary  to  insure  the  induction  of  cold  charges,  in 
order  that  maximum  density  of  gas  and  air  may  be  ob- 
tained. 

Induction.  The  charge  of  gas  and  air  in  definite  pro- 
portions is  drawn  into  the  cylinder  by  the  suction  of  the 
engine  piston,  and  the  velocity  of  entry  is  in  direct  pro- 
portion to  the  piston  speed.    The  air  valve  is  usually  op- 
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eii'ed  before  the  gas  valve,  but  inasmuch  as  there  is  no 
suction  created  until  the  opening  of  the  air  valve,  some 
makers  set  the  valves  so  that  the  gas  valve  is  approach- 
ing its  maximum  lift  by  the  time  that  the  air  valve  has 
commenced  to  open,  thus  ensuring  a  well  mixed  charge. 
Usually,  however,  the  settings  are  arranged  so  that  the 
first  portion  of  the  induced  charge  is  of  air  only,  then 
air  and  ga»,  and  finally  air  with  the  small  quantity  of 
gas  swept  in  by  the  still  moving  current  of  air  from  the 
passages  connecting  the  gas  and  air  valve  seats.  The 
cams  operating  the  valves  are  carefully  designed  to  per- 
mit maximum  lift  with  swift  but  gradual  opening  and 
closing,  to  accord  with  the  induced  velocity  set  up  by 
the  linear  speed  of  the  piston  at  each  point  of  the  stroke. 
The  air  valve,  governing  the  entry  of  the  entire  charge, 
is  opened  well  in  advance  of  the  inn-er  dead  center  of 
the  engine  and  is  kept  from  closing  until  after  the  outer 
dead  center,  so  that  full  effect  of  the  momentum  im- 
parted to  the  entering  gases  at  the  highest  rate  of  pis- 
ton speed  can  be  utilized  without  restriction,  it  being  pos- 
sible by  such  means  to  obtain  a  better  filled  cylinder. 

Compression/  Modem  practice  in  gas  engine  design 
aims  at  securing  the  economical  advantages  coincident 
with  high  compression  pressures,  but  the  limit  of  allow- 
able maximum  compression  pressure  depends  upon  the 
relative  proportion  of  hydro-carbon  gases,  and  hydrogen 
contained  in  the  mixture  or  charge  admitted  to  the  cylin- 
der.  Hydrogen  will  ignite  at  a  much  lower  temperature 
than  the  other  constituents,  and  owing  to  the  additional 
heat  during  compression,  it  becomes  necessary  to  so  de- 
sign the  relative  volumes  of  piston  displacement,  and 
clearance,  that  self  ignition  is  practically  impossible. 
With  blast  furnace  gas  containing  only  about  two  per 
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cent  of  hydrogen,  compression  pressures  of  200  lbs.  per 
sq.  in.  and  over  may  be  safely  used,  and  with  producer 
gas,  150  to  200  lbs.  are  common  and  safe  pressures,  but 
with  illuminating  gases  the  maximum  is  placed  at  120 
lbs.  per  sq.  in.  unless  special  precautions  are  taken  to 
insure  efficient  cooling  and  cleaning  of  the  cylinders. 
This  is  effected  by  the  injection  of  water  or  cold  air 
through  the  clearance  spaces  and  valve  ports  during  the 
charging  stroke,  or  by  pressure  during  compression. 

Ignition.  The  increase  of  compression  pressures  and 
the  use  of  poor  gases  for  power  purposes  has  brought 
electrical  ignition  devices*  into  common  use.  Hot  tubes 
of  porcelain  or  hecnum  are  still  used  for  engines  de- 
signed to  suit  illuminating  gas,  but  the  impossibility  of 
quickly  adjusting  the  instant  of  explosion  when  run- 
ning, the  rapid  deterioration  of  timing  valves,  and  cost 
of  renewals  have  emphasized  the  superior  advantages  of 
electrical  firing.  While  with  petrol  engines  the  current 
from  a  primury  or  secondary  battery  is  utilized  with  in^ 
tensifying  coil,  and  jump  sparking  plug,  the  usual 
method  adopted  for  gas  engines  is  that  of  a  positive 
break  by  mechanical  separation  of  two  electrodes  through 
which  current  is  passing  from  a  magneto  machine.  In  a 
magneto  the  lines  of  force  flowing  between  opposite  poles 
of  a  permanent  magnet  of  great  strength  is  alternately 
deflected  from,  and  passed  through  an  interposed  ar- 
mature by  means  of  a  shield  or  deflector  operated 
by  suitable  mechanism  from  the  half  speed  shaft. 
Upon  maximum  rapidity  of  the  armature  cutting  the 
magnetic  lines  of  force  a  strong  current  is  induced  in 
the  windings  and  passes  through  a  circuit  formed  by  an 
insulated  wire  connected  to  a  fixed,  well-insulated  elec- 
trode through  the  second  and  movable  electrode  in  elec- 
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trical  contact  with  the  engine  frame  and  through  this  to 
the  armature.  It  is  of  course  very  necessary  to  time  the 
mechanism  making  the  ** break*'  so  that  it  synchronizes 
with  the  period  of  the  most  powerful  induced  current  in 
the  armature.  Most  of  the  diflSculties  encountered  with 
magnetos  have  been  owing  to  the  slipping  of  the  actuat- 
ing mechanism  from  the  coned  seating  on  the  armature 
spindle,  but  once  the  correct  setting  has  been  noted  and 
marked,  attendants  have  found  that  very  little  other  at- 
tention is  necessary. 

CHARACTERISTICS  OF  THE  EXPLOSIVE  MIXTURE.* 

''Theoretically,  ignition  must  be  effected  early  enough 
and  be  so  efficient  that  the  whole  of  the  power  charge  is 
ignited  when  the  piston  reaches  the  inner  dead  center 
position.  Thus  the  condition  of  maximum  heat  develop- 
ment will  occur  with  the  minimum  cooling  surface  and 
in  a  space  which  is  specially  designed  to  withstand  high 
temperatures  and  pressures.  Purity,  calorific  value,  tem- 
perature and  compression  of  the  mixture,  as  well  as  the 
position  and  efficiency  of  the  sparking  apparatus,  the 
form  of  combustion  chamber  and  other  conditions,  will 
cause  inflammation  to  spread  faster  or  slower,  which 
phenomenon  becomes  quite  clearly  visible  on  the  indi- 
cator card,  provided  the  latter  be  taken  on  a  drum  with 
continuous  travel. 

In  several  types  of  large  modern  gas  engines  the  point 
of  mixing  the  gas  and  air  is  rather  superficially  treated, 
while  Reichenbach,  who  certainly  deserves  consideration 
as  an  authority  on  the  subject,  puts  very  much  emphasis 
on  this  feature  in  all  his  designs  from  the  earliest  down 
*Franz  Ehrich  Jun^e. 
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to  the  very  latest.  It  is  interesting  to  examine  what  has 
actually  been  done  to  clarify  this  question,  and  which 
view  the  serious  student  of  the  gas  problem  is  justified  in 
holding. 

Gas  and  air  properly  mixed  in  chemical  proportions, 
90  that  just  sufficient  oxygen  is  present  in  the  combina- 
tion to  ensure  perfect  com'bustion  will  give  the  highest 
temperature  of  explosion  which  it  is  possible  to  obtain. 
Above  and  below  this  ideal  condition  there  is  a  wide 
range  of  inflammability  wherein  more  or  less  oxygen  in 
the  form  of  air  may  be  mixed  with  the  gas,  than  is  ne- 
cessary for  its  chemical  combustion,  so  th-at  a  mixture  of 
such  composition  will  yet  ignite  but  will  bum  at  a  slower 
rate  of  flame  propagation  and,  consequently,  will  not 
develop  the  maximum  temperature  corresponding  to  its 
calorific  value.  If  with  a  certain  gas  there  be  mixed 
about  4.7  times  the  amount  of  air  that  is  necessary  to 
establish  the  condition  of  chemical  balance,  the  mixturt 
will  be  that  which  is  theoretically  best  suited  for  adop- 
tion in  gas-engine  practice.  Theory  and  practice  often 
differ,  and  so  it  is  found  advantageous  to  employ  in  ac- 
tual practice  far  more  air  in  the  internal  combustion 
process  than  is  theoretically  required.  The  reasons  are 
threefold :  To  reduce  temperatures  all  round,  to  prevent 
premature  explosions  which  might  be  provoked  by  the 
high  heat  of  compression,  and  to  supply  to  the  gas,  even 
when  poorly  mixed  with  the  air,  always  sufficient  oxygen 
for  combustion,  and  consequently  to  reduce  the  loss  of 
unbumt  gases  leaving  the  exhaust  to  a  minimum. 

If  one  examines  by  thermodynamic  calculation  the 
combustion  efficiency  of  lean  mixtures  under  whatever 
cyclic  conditions  they  may  be  transformed  into  work,  it 
will  be  found  that  maximum  economy  is  attained  by  com- 
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pressing  the  weakest  mixture  to  the  highest  possible  de- 
gree, but  here  again  one  is  confronted  by  an  upper  limit 
which  is  rigidly  drawn  by  the  lack  of  inflammability  of 
such  mixtures.  Desire  for  thermal  excellence  of  the 
working  process  forces  us  to  approach  this  upper  limit 
as  much  as  possible,  but  the  decreasing  calorific  value  of 
the  power  charge  per  unit  of  contents  and  the  decreasing 
capacity  of  the  engine  keeps  the  actual  practice  far  be- 
low this  extreme  ideal.  In  average  practice  it  is  cus- 
tomary, at  normal  loads  and  with  le«n  gases,  to  work 
with  a  surplus  of  air  of  from  30  to  40  per  cent  over  what 
is  theoretically  required;  with  gases  of  high  heat  value, 
even  more  air  is  provided,  so  that  the  dynamic  medium 
in  the  engine  cylinder  possesses  a  calorific  value  of  from 
44  to  62  B.  t.  u.  per  cubic  foot.'' 

Proper  timing  of  ignition  devices  has  a  direct  result 
upon  the  economical  working  of  the  engine.  If  the  mech- 
anism is  set  too  early  on  the  compression  stroke,  com- 
bustion of  the  charge  occurs  at  or  before  the  inner  dead 
center  of  the  engine,  resulting  in-  violent  shocks,  exces- 
sive strains  upon  the  piston,  connecting  rod,  and  bear- 
ings, and  involving  great  waste  of  power.  If  too  late, 
the  piston  has  commenced  to  accelerate  under  the  influ- 
ence of  momentum  stored  up  in  the  flywheel,  so  that  the 
explosive  force  follows  the  piston  without  attaining  its 
maximum  thrusting  eflPort,  and  with  some  loss  of  com- 
pression pressure  due  to  the  re-expansion  of  the  chaise 
before  ignition  is  effected. 

The  speed  of  flame  propagation  varies  with  the  per- 
centage of  hydrogen  contained  in  combustible  mixtures, 
and  it  is  convenient  for  means  to  be  provided  to  adjust 
the  instant  of  ignition  to  suit  varying  qualities  of  gas. 
For  this  reason  many  makers  fit  a  device  permitting  an 
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attendant  to  set  the  ** break"  at  the  most  suitable  instant, 
and  there  is  no  doubt  that  with  such  facilities  a  careful 
man  can  thus  obtain  good  results  even  with  very  varia- 
ble mixtures  such  as  often  occur  with  poor  gases  gen- 
erated by  producers.  Some  leading  manufacturers,  how- 
ever, reali25e  that,  by  carelessness  or  neglect,  the  provi- 
edon  of  snch  means  of  adjustment  is  liable  to  misuse,  and 
they  prefer  to  arrange  two  firing  points  only — one  very 
late  for  starting  up  at  slow  speeds,  and  another  for  nor- 
mal sx)eeds,  the  variations  in  inflammability  of  charges 
being  deemed  of  less  importance  than  the  variations  of 
the  average  skill  and  intelligence  of  attendants. 

Explosion  and  Expansion.  The  mean  pressure  upon 
the  area  of  the  piston  throughout  the  stroke  is,  of  course, 
of  great  importance  and  directly  aflfects  the  power  given 
out  from  the  engine.  High  initial  explosion  pressures 
per  se  do  not  create  the  most  powerful  efforts  behind  the 
piston,  neither  are  low  terminal  expansion  pressures  in- 
dicative of  maximum  economy. 

Exhaust.  Before  the  expansion  or  i)ower  stroke  is 
fully  completed  the  exhaust  valve  commences  to  open — 
usually  when  the  pisrton  has  still  to  travel  one-tenth  of  its 
stroke.  The  terminal  expansion  pressures  then  are  about 
25  to  30  lbs.  above  atmosphere,  and  the  velocity  with 
which  the  burnt  product  leaves  the  cylinder  due  to  such 
pressure  imparts  considerable  momentum  to  the  column 
of  escaping  gases,  thus  helping  to  effect  their  thorough 
evacuation.  With  long  exhaust  pipes  not  unduly  re- 
stricted, the  energy  of  the  moving  column  of  gases  is 
taken  advantage  of. 

Relative  Efficiency  of  Power  Gases.  Apart  from  the 
calorific  values  of  one  cubic  foot  of  the  various  power- 
gases  when  burnt  in  sufficient  air  to  support  complete 
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combustion,  it  is  necessary  to  diflferentiate  them  in  terms 
of  calorific  value  per  cubic  foot  of  gas  and  air  mixture 
when  only  just  sufficient  air  is  present.  For  gas  engines, 
however,  it  is  necessary  to  dilute  the  gas  still  further 
in  order  to  control  ignition  as,  varying  with  the  per- 
centage of  hydrogen  present,  theoretical  mixtures  are  im- 
possible, owing  to  risks  of  pre-ignition  and  violent  shocks 
caused  by  the  rapidity  of  the  propagation  of  flame. 
Experience  has  determined  that  while  hydrogen  is  of  the 
greatest  value  in  obtaining  good  results,  yet  it  is  impor- 
tant that  its  volume  should  be  only  about  7  per  cent  in 
gas  engine  mixturea 

Indicated  Horse  Power.  This  is  a  computation  based 
upon  the  mean  eflfective  pressure  developed  at  each  ex- 
plosion and  is  usually  calculated  from  the  same  formula 
used    in    connection    with   steam    engines:    I.  H.  P.  = 

PLAN 

-^r^-^rprrr- where  P  =  mcau  eflfective  pressure;  L=length 

of  stroke  (ft);  A  =  area  of  cylinder;  N  =  number  of 
explosions  per  minute.  This  formula  does  not  discrimi- 
nate between  mechanical  friction  and  losses  in  ** fluid*' 
friction.  To  get  accurate  results  it  is  necessary  to  obtain 
the  mean  eflfective  pressure  after  measuring  the  indica- 
tor diagrams  recorded  during  both  ** power"  and  ** cut- 
out" cycles  as  also  ** compression "  and  ** suction"  cards. 

Economy  of  Gas  Engines.  As  fuel  is  ordinarily  used, 
at  present,  for  light,  heat  and  power,  the  losses  are  so 
great  that,  of  the  total  calorific  value  of  the  coal,  less 
than  5  per  cent  on  an  average  is  converted  into  useful 
work,  while  the  largest  and  best  power  stations  utilize 
only  about  10  per  cent. 

With  gas-engine-driven  units,  however,  fuel  economy 
is  the  distinguishing  characteristic,  resulting  in  a  deliv- 
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ery  at  the  engine  shaft  of  not  less  than  16  to  20  per  cent 
of  the  energy  contained  in  the  fuel. 

Notably  is  this  true  of  lignite  coal,  immense  quantities 
of  which  are  to  be  found  in  various  parts  of  the  country. 
The  calorific  value  of  such  coal  averages  only  about  8,000 
B.  T.  U.  per  pound  as  fired  ;*  but,  when  utilized  in  a  gas 
producer  and  gas  engine,  it  is  possible  to  develop  a  brake 
horse  power  on  less  than  2  pounds  of  lignite. 

Owing  to  the  difficulty  of  securing,  with  this  fuel, 
proper  combustion  under  a  steam  boiler,  the  gas  pro- 
ducer offers  practically  the  only  means  of  using  it  on  a 
commercial  basis. 

The  same  is  true  of  slack  coal,  bone  coal,  etc. 

A  recent  bulletin  of  the  United  States  Geological  sur- 
vey calls  attention  to  the  possibilities  of  the  producer 
gas  plant,  as  above  indicated,  and  states  that  lignite  beds 
underlying  from  .20,000,000  to  30,000,000  acres  of  public 
land,  heretofore  supposed  to  be  practically  useless,  are 
now  shown  to  have  a  large  value  for  power  development. 
This  is  of  particular  importance  to  the  West,  making 
possible  a  great  industrial  development  there. 

Producers  now  made  will  also  successfully  gasify 
nearly  all  grades  of  bituminous  coal,  as  well  as  anthra- 
cite or  coke. 


ADDITIONAL  ADVANTAGES  OF  GAS  ENGINES. 

The  standby  losses  during  a  pveriod  of  idleness  are 
practically  negligible,  and  are  included  in  the  fuel  esti- 
mate per  brake  horse  power  as  given  above,  leakage  losses 
are  reduced  and  the  smoke  nuisance  is  abolished. 

In  localities  where  the  water  supply  is  scarce,  or  of 
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poor  quality,  a  gas  power  plant  offers  additional  ad- 
vantages, and,  by  the  use  of  cooling  towers,  the  water 
consumption  can  be  reduced-  to  a  very  small  quantity. 

GAS  PRODUCERS. 

At  present  three  distinct  types  of  gas  producer  are  of- 
fered to  the  power  user.  They  are  the  suction  producer, 
the  steam-pressure  producer,  and  the  induced  down-draft 
producer. 

THE    SUCTION    PRODUCER. 

In  this  type  the  fuel  is  fed  into  the  generator  from  a 
hopper  at  the  top..  Ashes  and  clinkers  are  removed 
from  the  bottom,  and  air  is  usually  admitted  below  the 
grate,  first  passing  through  economizers,  where  it  is 
heated  and  passed  over  a  body  of  hot  water  to  absorb  the 
necessary  moisture.  In  some  makes  of  producer  the  air 
is  admitted  direct  from  the  engine  room,  and  a  small, 
regulated  amount  of  water  is  fed  into  a  space  prepared 
around  the  grate,  where  it  is  evaporated  and  is  carried 
as  steam  jalong  with  the  air  up  into  the  fuel  bed. 

In  this  type  of  producer,  coke  or  anthracite  coal  can 
only  be  used  and  not  even  these  fuels  in  the  very  small 
sizes.  It  is  not  easy  to  note  the  condition  of  the  fire,  as 
the  generator  cannot  be  opened  at  the  top  without  ad- 
mitting air  and  causing  a  poor  mixture  of  gas ;  the  only 
thing  to  do  in  this  emergency  is  to  feed  in  more  coal  to 
stop  the  chimney  holes  in  the  fire-bed,  or  quickly  insert 
a  poker  bar  and  thoroughly  tamp  the  fuel.  The  latter 
is  the  better  way,  even  though  it  has  to  be  done  blindly. 

In  operating  this  type  of  producer,  trials  and  tribula- 
tions may  be  many  and  varied,  depending  largely  upon 
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how  the  producer  is  made  and  the  basis  of  its  horse 
power  rating.  A  suction  gas  producer  rated  at  more 
than  12y2  pounds  of  coal  per  square  foot  of  grate  area, 
or  area  of  fuel-bed  cross-section,  is  very  apt  to  be  too 
small,  and  a  producer  so  small  for  the  power  it  has  to 
develop  that  it  must  be  driven  to  furnish  sufficient  gas 
will  immediately  develop  clinker  troubles,  variable  gas 
troubles  or  excess  COg.  If  an  attempt  is  made  to  cor- 
rect clinker  troubles  with  an  over-supply  of  steam,  an 
excess  of  hydrogen  will  result,  with  its  attendant  engine 
difficulties  of  back-firing,  or  premature  explosions. 

Even  with  a  producer  of  the  proper  size,  the  regula- 
tion of  the  volume  of  steam  or  water  to  the  volume  of 
air  must  be  closely  watched.  Too  frequent  raking  of  the 
fire  will  waste  good  fuel,  and  induce  draft  holes  through 
the  fuel  bed.  Too  much  poking  from  the  top  will  pack 
the  fire,  and  necessitate  an  increased  vacuum.  Too  fine 
a  fuel  will  produce  the  same  troubles,  and  any  coal  that 
fuses  easily  will  not  do  for  this  type  of  producer.  An- 
thracite running  high  in  slate  mixture  tends  to  run  high 
in  sulphur,  and  high  sulphur  with  slate  makes  bad 
clinkers  at  any  time,  and  if  the  fire  is  forced  at  all  will 
soon  necessitate  a  shut-down  to  clean  out.  The  producer 
should  be  of  ample  size — 10  pounds  of  coal  per  square 
foot  of  internal  area — and  rated  on  1^4  pounds  of  coal 
per  horse  power  hour. 

It  is  not  good  practice  to  use  a  suction  gas-producer 
plant  of  over  150  horse  power  when  the  engine  has  to 
draw  the  gas  from  the  producer  by  the  vacuum  in  the 
cylinder.  Sizes  larger  than  this  should  be  equipped  with 
exhaust  fans  which  will  relieve  the  en^ne  of  this  work, 
the  exhausters  being  driven  by  motors,  or  other  auxiliary 
power. 
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Fig.  203.     Monahan  Suction  Producer. 
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THE  MONAHAN  SUCTION  PRODUCER. 

This  producer,  a  full  view  of  which  is  shown  in  Fig- 
ure 203,  is  of  the  suction  type,  and  consists  of  the  usual 
generator,  scrubber,  and  equalizing  tank.  The  vaporizer 
for  supplying  steam  to  the  fuel  bed  is  an  upper  exten- 


Flg.    204.     Sectional   View  of  Monahan    Producer. 

sion  of  the  generator,  but  is  located  so  that  the  hot  gases 
from  the  fuel  bed  do  not  impinge  squarely  on  the  bottom 
of  the  vaporizer.  This  is  clearly  shown  in  the  sectional 
view,  Figure  204,  in  which  the  revolving  grate,  and  air 
heater  are  also  shown.    The  Scrubber  is  of  the  wet,  coke- 
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filled  type,  and  the  equalizing  tank  is  a  simple  drum 
within  an  equalizing  chamber  formed  in  its  cover,  and 
separated  from  the  drum  by  a  rubber  diaphragm. 

A  small  vent  in  the  cover  allows  air  to  pass  in  or  out 
slowly,  forming  a  sort  of  brake  on  the  fluctuations  of 
pressure  within  the  drum.  The  regulator  controlling  the 
admission  of  steam  to  the  fuel  bed  is  shown  in  section  in 


Fig;,  205.     Steam  Regulator. 


Figure  205.  The  outlet  at  the  bottom  is  connected  to 
the  ash  pit  of  the  generator.  The  upper  intake  admits 
air  only,  and  the  intake  near  the  middle  admits  steam. 
When  running  light  the  suction  is  insufficient  to  pull 
down  the  valve,  and  air  alone  passes  through  the  fire. 
As  the  load  increases,  the  increasing  suction  gradually 
pulls  down  the  valve  (which  is  a  piston  valve),  until  the 
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steam  ports  are  uncovered  to  an  extent  depending  upon 
the  load.  This  arrangement  prevents  the  chilling  of  the 
fire  with  steam  at  very  light  loads,  and  graduates  the 
supply  for  heavier  loads. 


THE  STEAM-PRESSURE  PRODUCER. 

This  type  has  an  upward  draft,  the  air  being  drawn  in 
around  a  steam  jet  through  a  Korting  nozzle  of  the  Bun- 
sen  type.  Anthracite  and  coke  are  the  only  kinds  of 
fuel  available,  unless  tar  extractors,  and  other  expensive 
mechanical  auxiliaries  are  provided  to  clean  the  gas. 
When  the  producer  is  equipped  with  such  cleaning  ap- 
paratus, bituminous  coals  or  fuels  contaiming  volatile 
hydrocarbons  may  be  used,  but  as  these  are  condensed 
and  washed  out  of  the  gas,  the  thernjal  efficiency  of  the 
producer  is  reduced  to  the  extent  of  the  loss  of  the  heat 
units  contained  in  the  extracted  hydrocarbons,  which  are 
the  richest  part  of  the  fuel. 

With  a  pressure  producer  it  is  necessary  to  have  gas- 
storage  capacity,  so  that  gas-holders  must  be  provided  re- 
gardless of  the  kind  of  fuel  used,  and  these  must  hold 
enough  gas  to  run  the  engine  while  the  fire  is  being 
poked,  and  the  ashes  removed.  Coal  is  fed  through  a 
tightly  closing  hopper  on  top  of  the  generator,  and  ashes 
are  removed  from  the  bottom  when  the  generator  is  not 
in  operation.  It  is  almost  impossible  to  poke  or  bar  the 
fire  while  the  producer  is  running,  as  any  outlet  for  this 
purpose  will  be  flooded  with  burning  gas  escaping  under 
whatever  pressure  the  steam  jet  is  maintaining  at  the 
time. 
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THE  INDUCED  DOWN-DRAFT  PRODUCER. 

In  the  down-draft  producer  the  gas  is  drawn  down 
through  the  fire  by  an  exhauster  or  fan,  and  forced  by 
the  exhauster  through  the  main  to  the  point  of  use. 
There  is  probably  more  horse-power  of  these  producers 
in  use  than  in  all  of  the  others  put  together,  but  they 
are  mostly  of  large  size  and  the  plants  only  number 
about  one-fourth  of  the  to*al. 

Essentially  these  are  bituminous-coal  producers.  They 
are  operated  with  an  open  top,  where  the  fire  is  seen  by 
the  operator,  and  any  blow-holes  or  passages  in  the  fire 
are  easily  closed  by  the  use  of  the  poker  or  tamping  bar, 
and  fresh  fuel  is  fed  as  necessary.  The  volatile  hydro- 
carbons of  the  fuel,  being  distilled  at  the  top  of  the 
fuel  bed,  mix  with  the  in-drawn  air  and  steam,  and  pass 
down  thiough  the  bed  of  incandescent  carbon,  where 
they  combine  with  the  other  gases  and  leave  at  the  bot- 
tom of  the  producer  as  a  fixed  non-condensable  gas.  This 
combination  of  gases  then  passes  directly  into  the  bottom 
of  a  vertical  tubular  boiler  and  out  at  the  top,  thence 
into  the  bottom  of  the  wet  scrubber,  where  the  outlet  is 
under  water  to  form  a  seal  and  prevent  the  gas  from 
returning  to  the  producer.  From  the  top  of  the  wet 
scrubber  the  gas  passes  to  the  exhauster,  and  is  forced 
through  the  dry  scrubber  to  the  gas-holder. 

The  boiler,  which  is  a  part  of  the  producer  installa- 
tion, supplies  a  large  part  of  the  steam  necessary  for 
the  producer  and  also  the  amount  necessary  to  run  the 
engine  driving  the  exhauster.  This  steam  is  made  from 
the  heat  given  up  by  the  gas  in  its  passage  through  the 
boiler,  and  all  heat  that  is  not  absorbed  by  the  water  is 
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delivered  up  to  the  wet  scrubber.  Onoe  a  week  these 
producers  have  to  be  entirely  cooled  down  to  be  cleaned, 
and  as  the  steam  pressure  in  the  boiler  is  down  at  this 
time,  an  auxiliary  boiler  has  to  be  provided  to  start  up 
again.  Some  time  during  the  week,  especially  toward 
the  last  days,  the  fuel  beds  become  so  clogged  with  the 
accumulation  of  ashes  and  clinkers  that  water-gas  runs 
have  to  be  made  every  few  moments;  the  load  on  the  en- 
gine driving  the  exhauster  increases,  and  both  these  con- 
ditions so  increase  the  demand  for  steam  that  the  auxil- 
iary boiler  has  to  be  brought  into  use. 

For  continuous  24-hour  service  with  this  type  of  pro- 
ducer it  is  necessary  to  have  a  spare  unit,  in  order  that 
it  can  take  the  place  of  the  one  that  has  been  in  service 
for  a  week.  A  single  spare  unit  in  an  installation  of  a 
large  number  of  units  does  not  add  a  very  large  percent- 
age to  the  original  investment,  but  a  spare  unit  to  a  sin- 
gle outfit  nearly  doubles  the  cost.  The  following  timely 
suggestions  regarding  gas  engine  practice  are  presented 
by  the  Gas  Power  Section  of  the  A.  S.  M.  E. : 

'^Engine  Efficieyicy.  Should  be  expressed  in  terms  of 
effective  heat  value  until  a  combined  gas-vapor  cycle 
comes  into  use.  For  the  present,  let  us  not  confound  a 
definite  engine  efficiency  by  introducing  the  indefinite 
factor  of  latent  heat  of  water  vapor.  Engine  efficiencies 
should  be  given  for  full,  to  half  load  at  least." 

^* Producer  Capacity,  The  producer  should  be  rated 
upon  its  ability  to  gasify  coal.  It  would  be  more  accu- 
rate to  rate  on  B.t.u.  of  standard  gas,  but  this  is  imprac- 
ticable. Should  the  builder  desire  to  rate  on  a  special 
coal,  he  might  insert  a  clause  limiting  some  of  the  con- 
stituents. In  specifying  sizes,  a  maximum  as  well  as  a 
minimum  screen  should  be  mentioned.     A  mixture  of 
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many  sizes  packs  the  producer  as  badly  as  a  V€ry  small 
fuel.  As  a  usual  thin*?  the  flexibility  of  the  producer 
will  more  than  meet  the  overload  possibilities  of  the  en- 
gine. 

Producer  Efficiency,     Can  only  be  specified  in  tenns 
of    B.t.u.    output,    involving    volumetric    measurement, 


Fig.     206.     Allls-Chalmers     Four-Cycle,      Double-Acting,     Tandem     Gas 

Engine    Direct-Connected    to    an     Allis-Chalmers    Continuous    Current 

Generator — Natural    Gas   Used. 


which  it  is  usually  impossible  to  determine  except  by  cali- 
bration of  the  engine.  As  we  are  dependent  upon  the 
engine  as  a  gas  meter,  we  must  be  consistent  and  deter- 
mine the  efficiency  of  the  producer  in  like  terms,  that  is,* 
the  ratio  between  heat  output  in  standard  gas,  and  heat 
input  in  fuel  for  the  fire. 
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Producer  Regulation,  An  important  point  is  th€ 
property  of  the  producer  as  regards  the  regulation  of 
beat  value  of  the  gas  and  its  pressure  as  delivered  to  the 
engine.  Quality  regulation  is  covered  by  the  engine- 
capacity  clause  *  *  with  gas  of  not  less  than  so  many  B.t.u. 
heat  value  per  cubic  foot.'* 

Hydrogen  Content,  This  may  be  expressed  as  a  per- 
centage by  volume  of  the  gas,  a  percentage  by  volume  of 
combustible  in  the  gas,  a  percentage  of  the  heat  value  of 
the  gas  per  mixture,  or  a  percentage  by  volume  of  the 
mixture.  The  last  appears  to  be  the  most  explanatory. 
The  first  conveys  no  impression  of  the  commercial  value 
of  the  gas.  The  second  is  better  in  this  respect.  The 
third  presents  widely  varying  values.'' 

Figure  206  presents  a  view  of  a  four  cycle,  double 
acting  tandem  gas  engine  as  built  by  AUis-Chalmers 
Company  of  Milwaukee,  Wis.  This  engine  is  using  nat- 
ural g'xs.  Pig.  207  shows  a  four  cycle  double  acting, 
twin-tandem  gas  engine  by  the  same  company. 

The  distinctive  features  of  the  gas  engines  built  by 
AUis-Chalmers  Co.,  or  those  which  appeal  most  strongly 
to  engineers  w^ho  have  seen  tb?m  in  service,  are  the  ex- 
treme simplicity  of  design,  the  solidity  of  construction 
and  the  quiet  operation.  Maximum  overloads  are  handled 
as  easily,  and  with  the  same  freedom  from  vibration  that 
characterize  their  operation  under  normal  conditions;  th? 
engines  turn  their  centers  as  quietly  as  a  slow-running 
Corliss  machine  and  with  apparent  indifference  to  the 
rapid  changes  in  load  which  they  are  often  called  upon 
to  sustain. 

While  the  engines  are,  as  a  whole,  exceptionally  rigid 
and  heavy,  the  weight  is  concentrated  in  the  frame  cylin- 
ders and  tie  pieces  in  the  direct  line  of  stresses  to  which 
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an  engine  of  this  type  is  subjected-.  In  the  frame  is  il- 
lustrated the  principal  difference  between  European  and 
American  design.  This  frame  is  designed  for  a  side 
crank,  in  place  of  the  double  throw  crank  which  repre- 
sents the  standard  practice  abroad.  The  stresses  trans- 
mitted to  the  frame  in  a  side  crank  engine  are  very 
great,  but,  even  in  the  largest  sized  gas  engines,  they 
are  no  greater  than  Allis-Chalmers  Company  has  for 
many  years  successfully  provided  for  in  steam  engine 
practice. 

The  jaw,  which  is  subjected  to  peculiarly  severe  stress, 
is  made  in  a  form  to  insure  maximum  strength  of  the 
casting,  and  is  further  strengthened  by  two  ■  steel  tie 
bolts  carried  above  the  shaft,  which  are  made  of  sufficient ' 
size  to  carry  their  proportion  of  th-e  load  without  appre- 
ciable elongation.  This  construction  eliminates  entirely 
any  bending  stresses  in  the  frame  at  this  point. 

The  engine  frames  for  the  2,500  K.  W.  units  weigh  ap- 
proximately 90  tons  each,  and  one-half  of  each  frame  is 
buried  in  the  foundation,  in  order  to  raise  the  floor  line 
to  a  point  which  will  make  the  slides  on  the  valve  gear 
readily  accessible. 

The  pistons  and  rods  are  water-cooled,  water  being  in- 
troduced at  the  center  and  flowing  forward  to  a  dis^ 
charge  in  the  frame  for  the  front  piston,  and  backward 
to  a  discharge  in  the  tail  guide  for  the  rear  piston,  each 
piston  having  its  separate  supply.  For  dismantling  or 
for  cleansing,  the  rod  is  made  in  two  parts  joined  at  the 
central  slide,  the  rear  half  going  out  at  the  back  of  the 
engine  and  the  other  half  going  out  through  the  frame, 
which  is  made  oi>en  at  the  top  for  convenienee. 
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K.  W.  but  both  engines  and  generators  were  designed  for 
large  overload  capacities. 

The  engines  shown  in  Figure  202  are  sadd  to  have 
the  largest  cylinder  diameter  of  any  gas  engine  yet  built 
in  the  United  States,  the  dimensions  being  44  inches 
diameter  by  54  inches  stroke. 


WESTIN6H0USE  GAS  ENGINES. 

The  Western  New  York  and  Pennsylvania  Traction 
Company  operating  in  the  vicinity  of  Olean,  N.  Y.,  have 
recently  equipped  their  central  power  station  with  two 
tandem,  double  acting  Westinghouse  gas  engines,  and 
one  twin  tandem  double  acting  Snow  engine,  each  driv- 
ing a  300  K.  W.  General  Electric  three  phase  alternator, 
at  150  R.  P.  M. 

The  Westinghouse  engines  in  this  plant  have  cylin- 
ders 22  inches  diameter  by  30  inches  stroke. 

Figure  208  is  a  vertical  section  through  one  of  the 
Westinghouse  cylinders,  showing  the  gas  and  air  distri- 
bution, water  jacket,  and  also  shows  the  valve  gear.  The 
inlet  and  exhaust  valves  are  located  at  opposite  ends  of 
the  vertical  cylinder  diameter,  as  shown  in  Fig.  208. 
Both  valves,  at  each  end  of  a  cylinder,  are  operated  by 
a  single  eccentric  through  wipers  and. rocker-arms ;  this 
construction  is  also  shown  in  Fig.  208.  The  exhaust 
valve  is  of  the  mushroom  type,  hollow,  with  a  tube  ex- 
teuding  up  the  stem  into  the  cenler  of  the  head  for  dis- 
charging the  cooling  water;  the  water  is  introduced 
through  the  annular  passage  between  the  outlet  tube 
and  the  wall  of  the  valve-stem.  The  valve  cage  sets  into 
a  circular  housing  projecting  downward  from  the  cylin- 
der. 
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Fig.  208.    Valve  Gear.  Westinstaouse  Gaa  Engine. 
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The  main  inlet  valve  is  of  the  simple  disk  type,  and  is 
opened  and  released  by  the  eccentric  and  wiper  levers 
always  at  the  same  points  of  the  piston  travel.  There  is 
mounted  on  the  valve-stem,  however,  a  cylindrical  valve 
which  controls  the  quantity  of  air  and  gas  admitted,  this 
being  under  the  control  of  the  governor.  It  is  not  shown 
in  Fig.  208,  but  the  connection  for  the  governor  rod  is 
shown.  Th-e  cylindrical  valve  fits  closely  in  the  bore  of 
the  valve  cage  and  has  ports  in  its  wall  which  correspond 
to  the  ports  leading  inix>  the  cage  from  the  air  and  gas 
passages.  When  the  admission  valve  is  on  its  seat,  the 
ports  in  the  cylindrical  valve  are  above  those  in  the 
cage  wall,  and  the  latter  are  therefore  closed,  preventing 
gas  from  backing  up  into  the  air  passage.  When  the  in- 
let valve  is  depressed  by  the  valve-gear,  the  cylindrical 
valve  goes  with  it,  and  its  ports  then  oome  into  horizon- 
tal alignment  with  the  air  and  gas  ports  in  the  wall. 
The  governor  controls  the  quantity  of  air  and  gas  ad- 
mitted by  rotating  the  cylindrical  valve  on  the  disk- 
valve  stem ;  in  the  full-load  position  the  ports  are  all  in 
exact  alignment  when  the  valve  is  depressed-,  and  at 
lesser  loads  the  valve  is  twisted  around  by  the  governor 
so  as  to  shut  off  part  of  the  port  opening.  The  four 
cylindrical  valves  of  one  side  of  the  engine  are  all  con- 
nected together  by  reach-rods,  so  that  the  governor  ad- 
justs all  four  valves  simultaneously  and  alike.  The  two 
sets  of  regulating  gear  are  connected  by  double  reach- 
rods,  so  that  there  is  no  lost  motion  between  the  two 
sides.  The  pistons  are  centered  in  the  cylinders  by  ad- 
justments at  the  three  crossheads.  Each  piston  is 
equipped  with  four  sectional  packing  rings ;  the  sections 
of  each  ring  are  joined  by  brass  keepers  and  set  out  by 
flat  steel  springs.    The  piston-rods  are  hollow,  of  course, 


THE  GAS  ENGINE 


4dr 


to  admit  and  discharge  cooling  water  to  and  from  the 
pistons,  and  they  are  turned  without  any  canibor. 


Fig.    209.     Sectional   Elevation  of  Inlet  and   Cut-off  Valves  and  Gear. 
Snow  Oas   Engine. 

SNOW  GAS  ENGINE. 

The  Snow  twin  unit  has  cylinders  16  inches  in  diame- 
ter by  30  in<5hes  stroke.    The  cranks  are  set  at  90  degrees 
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apart,  thus  giving  four  impulses  to  the  shaft  per  revolu- 
tion. The  combustion  chamber  is  on  the  side,  with  the 
inlet  valves  in  the  top,  and  the  exhaust  valve  in  the  bot- 
tom of  each  combustion  chamber. 

The  engine  speed  is  regulated  by  cut-off  valves  which, 
under  control  of  the  governor,  shut  off  both  the  gas  and 
air  supply  sooner  or  later  in  the  suction  strokes,  accord- 
in-g  to  the  speed  changes.  The  arrangement  of  inlet 
valves  for  one  end  of  a  cylind-er  is  shown  by  Pig.  209. 
The  air  and  gas  pass  to  the  mixing  chamber  M  through 
separate  ports,  shown  closedby  the  valve  disks  A  and  6, 
respectively.  From  the  mixing  chamber  the  mixture  is 
admitted  to  the  cylinder  by  the  main  inlet  valve  /  at  the 
beginning  of  the  suction  stroke;  at  the  point  in  the 
-  stroke  determined  by  the  governor,  the  cut-off  valve  A  G 
is  released  and  allowed  to  close  under  the  influence  of  its 
spring.  The  bailing  disk  B  is  adjustable  so  as  to  ob- 
tain the  desired  proportion  of  gas  to  air,  the  adjustment 
being  made  by  means  of  the  nurled  head  A^,  which  is 
locked  in  the  proper  position  by  the  set-screw  5.  The 
shank  of  the  baffling  disk  serves  also  as  a  guide  for  the 
lower  end  of  the  stem  of  the  cut-dff  valve.  The  valve 
disks  A  and  O  are  connected  by  a  short  barrel  Z>,  the 
whole  being  a  single  casting.  The  gas  valve  O  is  pro- 
vided with  a  tapered  seat,  and  the  valve-stem  is  adjusted 
in  the  block  at  its  upper  end  until  both  disks  seat  simul- 
taneously. 

The  main  inlet  valve  I  is  opened  and  closed  always  at 
the  beginning,  and  termination  of  the  suction  stroke,  by 
the  inlet  rocker-arm  (Fig.  210),  and  its 'stem  is  linked 
to  a  short  rocker-arm  J2,  Fig.  209,  to  the  other  end  of 
which  is  pivoted  a  block  arranged  to  slide  vertically  in  a 
guide.    To  this  block  is  hung  the  pivoted  latch  L,  shown 
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in  Pig.  210,  the  end  of  which  normally  engages  a  dog 
on  the  block  which  is  screwed  on  the  upper  end  of  the 
stem  of  the  cut-off  valve.  "When  the  main  inlet  valve  is 
opened,  the  latch  L  lifts  the  disks  A  and  G  of  the  cut- 
off valve.  At  the  proper  point  of  the  suction  stroke,  the 
cam  C,  Fig.  210,  engages  a  lug  and  draws  the  drag- 


Fig.    210.     End    Elevation    of   Inlet   and   Cut-off   Mechanism. 
Snow  Gas  Engine. 

link  over,  thereby  pulling  out  the  latch  L  and  allowing 
the  cut-off  valve  to  drop.  The  drag-link  is  pivotally  at- 
tached to  a  lug  on  the  latch  L,  and  its  other  end  is 
curved  around  the  cut-off  shaft  S,  the  upper  leg  of  the 
bend  resting  on  the  journal  box  and  holding  the  link  in 
place  as  it  slides  back  and  forth.  Before  the  succeeding 
suction  stroke  begins,  the  cam  C  has  turned  to  the  ''low" 
side  and  the  latch  L  is  thrown  into  engagement  with  the 
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valve-stem  dog  by  a  small  helical  spring.  When  the  cut- 
off valve  drops,  it  is  cushioned  by  the  inverted  cup  E, 
Fig.  209,  acting  as  a  dash-pot,  the  plug  F  constituting  the 
plunger.  The  cut-off  cam-shaft  8  rotates  continuously 
at  one-half  the  crank-shaft  speed,  and  its  angular  posi- 
tion with  respect  to  that  of  tho  crank-shaft  is  adjusted 
by  the  governor  through  the  well-known  ** floating" 
bevel  gear. 

THE  DU  BOIS  TANDEM  GAS  ENGINE. 

The  Du  Bois  Iron  Works,  Du  Bois,  Penn.,  has  devel- 
oped and  is  now  building  a  line  of  single-acting  tandem 
gas  engines  which  embody  several  interesting  features. 
Fig.  211  is  a  view  of  one  of  these  engines,  from  which  it 
will  be  evident  that  the  design  conforms  to  the  standard 
European  practice  of  locating  the  inlet  valves  in  the  top, 
the  exhaust  valves  in  ithe  bottom,  and  the  valve-gear  shaft 
alongside  of  the  cylinders.  Another  characteristic  Euro- 
pean feature  is  the  use  of  center-crank  construction.  Be- 
yond these  few  points,  however,  the  design  cannot  be 
said  to  follow  strictly  any  classified  practice. 

The  longitudinal  section.  Fig.  212,  givfes  an  excellent 
idea  of  the  internal  construction  of  the  engine,  and  shows 
clearly  the  unusual  method  employed  for  packing  the 
piston-rod  hole  in  the  rear  end  of  the  front  cylinder. 
Instead  of  providing  a  stationary  packing  cage,  and 
having  the  rod  slide  through  rings  contained  therein,  the 
packing  rings  are  put  on  the  rod,  like  those  on  the  piston, 
and  they  slide  back  and  forth  with  the  rod  in  a  sleeve 
formed  in  the  head  of  the  front  cylinder  and  a  rearwai'd 
extension  of  it.  It  might  seem  at  first  glance  that  this 
arrangement  would  entail  an  unduly  long  engine  struc- 
ture, but  the  fact  is  that  even  if  stationary  packing  rings 
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Were  nlounted  in  a  housing  in  the  cylinder  head,  the  en- 
gine could  not  be  shortened  up  without  sacrificing  acces- 
sibility to  the  rear  piston  and  ease  of  dismounting  the 
front  cylinder  head.  Fig.  213  is  a  view  of  the  piston  rod 
with  its  packing  rings  and  the  flanged  sleeve  to  which  the 
rear  piston  is  bolted. 

The  pistons  are  of  the  trunk  type,  and  are  built  with 
convex  heads,  in  order  to  obtain  the  requisite  strength 
with  a  moderate  weight  of  metal. 

The  construction  of  the  water  jackets,  cylinder  heads, 
connecting  rod  and  crank  case  is  so  clearly  shown  by 
Fig.  212  as  to  require  no  verbal  description.  The  crank 
shaft,  crank  cheeks  and  pin  are  all  cast  in  one  piece  of 
steel;  the  balancing  weights  are  bolted  on. 


VALVES,  VALVE  GEAR  AND  GOVERNOR. 

Simple,  flat  poppet  valves  of  forged  steel,  with  beveled 
seats,  are  used  throughout  the  engine,  and  the  need  for 
cooling  the  exhaust  valves  in  larger  sizes  is  obviated  by 
the  use  of  auxiliary  exhaust  ports  uncovered  by  the  pis- 
tons at  the  end  of  the  forward  stroke.  These  ports  con- 
sist of  a  series  of  round  holes  through  a  rib  connecting 
the  water-jacket  wall  and  the  cylinder  barrel,  and  they 
are  drilled,  instead  of  being  cored,  in  order  to  obtain  ab- 
solute accuracy  in  dimension  and  location.  The  inlet  and 
exhaust  valves  of  each  cylinder  are  opened  by  a  cam, 
two  push  rods  and  four  rocker  arms,  as  indicated  in  Fig. 
214.  Rollers  are  provided,  of  course,  to  take  the  thrust 
of  the  cam  and  to  deliver  the  motion  of  the  rocker  arms 
to  the  valve  stems. 

One  mixing  valve  serves  both  cylinders,  as  indicated 
in  Fig.  212,  where  the  mixing  valve  is  shown  immedi- 


504 


i^OWEB  STAT1014S 


ately  above  the  rear  end  of  the  piston-rod  packing  sleeve. 
Fig.  215  shows  more  of  the  details.    The  valve  stem  ear- 


ns.  214.     Cross  Section  Through  Cylinder  and  VhIvb  Chimbers,   Du 
Bols   Gas    E«ngine. 

ries  two  pistons,  the  upper  one  controlling  the  air  supply 
by  varying  the  space  between  its  upper  edge  and  the  top 
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of  the  cage,  and  the  lower  one  varying  the  gas  supply 
by  means  of  ports  in  its  wall  and  corresponding  ports  in 
the  wall  of  its  cage.  The  proportion  of  gas  to  air  is  ad- 
justed manually  by  means  of  the  butterfly  valves  in  the 
supply  passages,  except  in  such  cases  as  require  variation 


Fig.  215.  vCross  Section  Through  (Tylinder,  Mixing- Valve  Chamber  and 
Governor,   Du   Bois  Gas  Engine. 

of  the  mixture  proportions  simultaneously  with  variation 
in  the  quantity  of  mixture  admitted.  For  such  condi- 
tions, the  lever  which  raises  and  lowers  the  mixing  valve 
is  also  linked  to  the  butterfly  valves,  the  linkage  being 
adjusted  so  that  the  mixture  is  made  richer  as  the  load 
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decreases  (and  the  compression  is  reduced),  and  poorer 
as  the  load  increases.    This  automatic  mixture  control  is 


Fig.  216.     Du  Bois  Igniter  Mechanism. 

not  necessary  except  when  running  on  very  lean  gases. 
The  mechanism  is  adjusted  usually  to  give  the  best  mix- 
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ture  proportions  at  full  rated  load,  but  a  wide  range  of 
adjustment  is  practicable. 

The  governor  is  of  the  flyball  type,  but  differs  essen- 
tially from  the  common  construction,  as  Fig.  215  clearly 
shows.  The  spindle  is  driven  through  spiral  gears  from 
the  earn  shaft,  and  the  balls  and  sliding  member  are 
inclosed  in  a  stationsary  housing,  as  shown  in  Fig.  215. 
The  governor  gears  are  located  between  the  forward 
cam  and  the  main  shaft;  consequently,  the  angular  ve- 
locity of  the  governor  is  not  disturbed  or  made  irregu- 
lar by  the  tensional  yielding  of  the  oam  shaft  to  the 
stresses  imposed  by  the  cams  and  valve  mechanism.  The 
cam  shaft  is  driven  from  the  crank  shaft  through  spiral 
gears  running  in  an  oil  bath. 


iGNrriON. 

Igniters  of  the  mechanical  make-and^-break  class  are 
used.  The  reciprocating  mechanism  which  trips  each  ig- 
niter is  driven  by  an  eccentric  on  the  cam  shaft,  as  shown 
by  Fig.  216.  The  individual  igniter  is  timed  by  means 
of  the  vertical  handle  near  the  cylinder;  this  raises  or 
lowers  the  horizontal  finger  with  the  bent  end  which 
trips  the  igniter,  and  thereby  alters  the  point  of  ignition. 
The  reach  rod  leading  from  the  igniter  mechanism  to  the 
left  extends  to  the  other  igniter,  and  adjustment  of  this 
rod  to  the  right  or  left  retards  or  advances  the  timing 
of  both  igniters  simultaneously.  The  levers  to  which  the 
ends  of  this  rod  are  pivoted'  are  fastened  to  the  ends  of 
sleeves  which  are  eccentric  to  the  rocker  studs,  and  the 
igniter  rockers  are  mounted  on  these  sleeves ;  turning  the 
sleeves  on  the  studs  alters  the  relation  between  the  rock- 
ers and  the  igniter  triggers  and  thereby  changes  the  tim- 
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ing.  A  handle  at  the  middle  of  the  reach  rod  serves  for 
manipulating  it,  and  a  clamp  holds  it  wherever  it  is  set. 

The  engine  is  arranged  so  as  to  be  oiled  by  a  central 
gravity-feed  system.  Since  the  piston  trunks  are  more 
than  full-stroke  length,  they  always  cover  the  oil  holes 
in  the  cylinder  walls;  timed  lubrication  is  therefore  un- 
necessary. 

The  engine  is  equipped  with  a  valve  in  the  head  of  the 
rear  cylinder  for  starting  with  compressed  air,  and  the 
valve  disk  is  located  at  the  inner  face  of  the  cylinder 
head,  so  that  when  it  is  closed  no  pocket  is  formed  in  the 
combustion-chiamber  wall.  This  construction  is  shown  in 
Fig.  212.  The  indicator  openings  are  provided  with  sim- 
ilar valves,  as  shown  in  Fig.  214.  This  drawing  also 
shows  the  unusual  feature  of  a  water-jacketed  exhaust 
pipe  with  which  every  Du  Bois  engine  is  equipped. 
Another  unusual  feature,  although  not  original  on  this 
engine,  is  the  injection  of  cooling  water  into  the  exhaust 
pipe;  this  cools  the  exhaust  gases  so  suddenly  that  a 
mufiBer  is  not  required.  The  water  jacket  around  the 
exhaust  pipe  is  chiefly  for  the  purpose  of  obviating  the 
exposure  of  dangerously  hot  surfaces  where  attendants 
are  likely  to  come  in  contact  with  them,  although  the 
water  jacket  also  cools  the  exhaust  gases  considerably. 

The  compression  pressure  is  about  140  pounds  absolute 
for  natural  gas,  and  180  pounds  for  producer  gas,  and 
the  engine  can  be  changed  from  the  one  to  the  other 
compression  in  a  few  minutes. 

A  NEW  CROSSLEY  GAS  ENGINB 

Figure  217  shows  a  gas  engine  recently  built  by  the 
well-known  English  firm  of  Crossley  Brothers,  Ltd. 
(Manchester,  Eng.),  for  driving  a  cotton  mill  in  Japan. 
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This  engine  is  a  considerable  departure  from  the  op- 
posed-cylinder type  which  has  become  so  familiar.  It  is 
a  tandem  single-acting  engine,  having  composite  inlet 
valves,  and  an  ingenious  pneumatic  governor  control  of 
the  admitted  charge.  The  cylinders  are  38  inches  bore 
and  the  stroke  is  39  inches ;  the  normal  speed  is  105  revo- 
lutions per  minute.  The  engine  is  rated  at  650  horse 
power,  with  a  maximum  ability  of  700  horse  power,  on 
producer  gas. 

The  exhaust  and  inlet  valves  are  both  new  designs. 
The  exhaust  valves  are  of  the  balanced  type,  working 
horizontally,  and  are  very  readily  accessible,  as  they  can 
be  drawn  out  at  floor-level  for  examination  and  cleaning. 

The  special  feature  of  the  admission  valves  is  the  ar- 
rangement for  regulating  the  gas  supply  in  accordance 
with  the  requirements  of  the  engine  as  the  load  on  it 
varies.  There  are  for  each  cylinder  two  valves — a  main 
valve  and  a  gas  valve.  The  former  is  positively  driven 
in  the  ordinary  manner,  and  is  of  the  usual  mushroom 
pattern.  The  gas  valve  is  mounted,  with  a  sliding  fit, 
on  the  spindle  of  the  main  valve.  The  two  valves — that 
is  to  say,  the  main  and  the  gas  valve — ^always  close  to- 
gether; but  the  main  valve  is  positively  opened  by  the 
usual  cam  and  push-rod  and  the  gas  valve  is  opened  by 
the  partial  vacuum  which  is  established  below  it  on  the 
suction  stroke  of  the  engine.  The  time  at  which  it  opens 
and  consequently  the  quantity  of  gas  drawn  into  the  cyl- 
inder are  controlled  by  the  governor  through  a  vacuum 
pot.  The  gas  valve  is  rigidly  connected  with  a  piston 
which  is  slidable  in  a  small  cylinder  to  which  the  en- 
gine govenior  admits  more  or  less  air  through  a  balanced 
piston  valve.  At  full  load,  this  piston  valve  is  held 
wide  open,  and  air  can  readily  enter  the  vacuum  cylin- 
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der;  the  gas  valve  is,  accordingly, 
free  to  move  as  soon  as  the  slightest 
vacuum  is  established  below  it.    As 
a  consequence  the  engine  receives  a 
full  charge  of  gas.     As  the  load  on 
the  engine  falls  off,  the  governor 
partially  closes    the    small   piston 
g      valve,  and  the  gas  valve  cannot  then 
2     open  so  freely,   its   motion    being 
checked  by  the  fact  that  as  soon  as 
•      it  begins  to  move  there  is  a  reduc- 
B»     tion  of  pressure  m  the  vacuum  cyl- 
inder behind  the   piston  to  which 
S      the    gas    valve    is    connected.     It 
«      therefore  opens  later,  and  less  gas 
S      enters  the  working  cylinder.    This 
g      method  of  regulation  has  been  found 
S      to  be  very  sensitive  and  reliable  in 
operation  and  it  obviously  dispenses 
2      with  the  often  complicated  trig-gears 
§     frequently  used  for  the  same  purpose. 
I         The  valve-gear  shaft  does  not  ex- 
tend all  the  way  to  the  crank-shaft, 
H      but  is  geared  to  a  separate  length 
M     of  lay-shafting  by  two-to-one  gears 
^      at  the  forward  end  of  the  forward 
cylinder.     The  governor  is   driven 
from  the   full-speed  lay-shaft,   and 
its  rate  of  rotation  is,  therefore,  not 
disturbed  by  the  periodic  retarding 
influence    of    the    valve  push-rods 
nearly  so  much  as  it  would  be  if 
driven  from  the  half-speed  shaft. 
Ignition  is  effected  by  means  of  oscillating  low-Tension 
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magnetos  and  make-and-break  igniters  mechanically  op- 
erated. There  are  two  igniters  in  each  cylinder,  and 
each  igniter  is  operated  by  a  distinct  set  of  rock-shafts 
and  links,  and  supplied  by  an  individual  magneto. 

A  small  pump  driven  from  the  valve-gear  shaft  deliv- 
ers lubricating  oil  through  sight  feeds  to  the  different 
parts  of  the  engine. 

The  forward  cylinder  is  bolted  to  the  main  frame  and 
fitted  to  a  circular  countersunk  seat;  the  rear  cylinder 
is  held  to  the  main  frame  by  four  tie-rods,  as  indicated 
clearly  in  the  engraving. 


QUESTIONS, 

253.  In  what  respect  does  the  gas  engine  differ  from 
the  steam  engine  structurally  ? 

Ans.  It  is  a  much  more  ponderous  machine  than  a 
steam  engine  of  equal  output  and  usually  requires  a 
much  heavier  crank  shaft. 

254.  Why  should  this  be  ? 

Ans.  Because  the  ordinary  four-stroke-cycle,  gas  en- 
gine has  only  one  working  stroke  in  four,  and  requires 
four  times  as  much  cylinder  area  for  a  given  amount  of 
work,  as  would  a  steam  engine  for  the  same  work. 

255.  Define  the  difference  between  a  single  acting 
four  stroke  cycle  and  a  double  acting  or  two  stroke  cycle 
gas  engine  in  their  operation. 

Ans.  In  the  four  stroke  engine  two  revolutions  of  the 
crank  are  required  for  one  cycle.  In  the  double  acting 
or  two  stroke,  the  cycle  is  completed  in  one  revolution 
of  the  crank. 

256.  Why  are  gas  engine  crank  shafts  made  larger 
in  proportion  than  those  of  steam  engines? 

Ans.  In  order  that  they  may  withstand  the  increased 
torsional  strains. 

257.  What  causes  the  pressure  behind  the  piston  of 
the  gas  engine? 

Ans.  The  combustion  within  the  cylinder  of  a  charge 
of  gas  and  air  properly  mixed  to  form  an  explosive,  and 
admitted  at  the  proper  moment. 

258.  When  is  this  proper  momeilt? 

Ans.  When  the  piston  is  at  the  end  of  its  instroke 
ready  to  start  outward. 
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259.  Define  the  stages  of  a  four  cycle  engine  ? 

Arts.  First,  induction-;  during  an  out  stroke  of  the 
piston,  air  and  gas  are  drawn  into  the  cylinder  in  the 
proper  proportions.  Second,  compression;  on  the  return 
in  stroke  the  piston  compresses  this  combustible  mixture 
into  the  clearance  space.  Third,  explosion;  ignition  of 
the  compressed  charge  causes  a  rapid  rise  of  pressure 
and  subsequent  expansion  of  products.  Fourth,  expul- 
sion ;  the  expanded  gases  are  expelled  by  the  returning 
piston. 

260.  Define  the  stages  of  a  two  cycle  gas  engine! 

Ans.  First,  compression  of  the  charge.  Second,  igni- 
tion, explosion,  and  expansion,  and  at  the  end  of  the 
stroke  the  expanded  products  are  expelled,  and  the  cylin- 
der filled  by  another  charge  of  air  and  gas  under  pres- 
sure. 

261.  How  many  compression  chambers  are  needed  for 
the  two  cycle  gas  engine? 

Ans.  Two;  for  the  reason  that  this  type  of  gas  en- 
gine requires  two  cylinders,  either  side  by  side,  or  tan- 
dem, and  the  charge  of  gas  and  air  is  being  received  in 
one  cylinder,  while  the  previous  charge  in  the  other  cyl- 
inder is  being  compressed  preparatory  for  explosion. 

262.  What  precaution  should  be  observed  regarding 
the  admission  of  the  air  and  gas  ? 

Ans.  The  air  should  be  pure  and  free  from  dust,  and 
the  gas  should  not  contain  tarry  matters  if  it  can  be 
avoided. 

263.  How  are  the  induction  valves  usually  sett 
Ans.    So  that  the  first  portion  of  the  charge  is  air 

only,  then  air  and  gas,  and  finally  air  with  a  small  quan- 
tity of  gas. 

264.  How  is  the  air  valve  controlling  the  entry  of  the 
entire  charge  adjusted? 
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A^i8.  It  is  set  to  open  well  in  advance  of  the  inner 
dead  center  of  the  engine,  and  is  kept  from  closing  until 
after  the  outer  dead  center. 

265.  Why  is  this  valve  so  set  1 

Arts.  In  order  that  the  full  effect  of  the  momentum 
imparted  to  entering  gases  at  the  highest  rate  of  piston 
speed  may  be  utilized. 

266.  Upon  what  does  the  allowable  compressiT)n  pres- 
sure depend? 

Ans.  Upon  the  relative  proportions  of  hydro-carbon 
gases,  and  hydrogen  contained  in  the  mixture. 

267.  What  per  cent  of  hydrogen  is  consid-ered  within 
the  limits  of  safety? 

Ans,    Not  over  7  per  cent. 

268.  What  are  the  usual  compression  pressures  car- 
ried with  blast  furnace  gas? 

Ans.    200  lbs.  per  sq.  in. 

269.  What  pressure  may  be  safely  carried  when  pro- 
ducer gas  is  used? 

Ans.    Prom  150  to  200  lbs.  per  sq.  in. 

270.  If  illuminating  gas  is  used,  what  is  the  maxi- 
mum safe  pressure? 

Ans.    120  lbs.  per  sq.  in. 

271.  How  is  the  cylinder  cooled  and  cleaned? 

Ans.  By  the  injection  of  water  or  cold  air  through 
the  clearance  spaces,  and  valve  ports  during  the  charging 
stroke,  or  by  pressure  during  compression. 

272.  What  other  methods  are  available  for  cooling  the 
cylinder  and  piston  rod? 

Ans.  By  means  of  a  water  jacket  that  surrounds  the 
cylinder.  The  piston  rod  may  be  hollow  and  water  cir- 
culated through  it. 

273.  IIow  is  the  charge  of  gas  and  air  ignited? 
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Ans.  Formerly  by  hot  tubes  of  porcelain  or  hecnum, 
which  are  still  used  to  some  extent,  but  at  the  present 
day  electrical  ignition  devices  are  used  principally. 

274.  What  is  one  of  the  most  important  features  con- 
nected with  ignition? 

Ans.  To  see  that  ignition  occurs  at  the  proper  mo- 
ment. 

275.  At  what  point  in  the  stroke  of  the  piston  should 
ignition  occur  t 

Ans.  This  depends  upon  the  quality  of  the  gas  used. 
With  the  maximum  allowable  percentage  of  hydrogen, 
ignition  should  not  occur  until  after  the  piston  has 
passed  the  inner  dead  center.  Otherwise.the  result  will 
be  violent  shocks,  and  strains  upon  the  working  parts. 

276.  Do  high  initial  explosions  create  the  most  power- 
ful efforts  behind  the  piston! 

Ans.    They  dio  not. 

277.  What  are  the  usual  terminal  pressures  for  gas 
engines? 

Ans.    25  to  30  lbs.  above  atmospheric  pressure. 

278.  How  is  the  horse  power  of  a  gas  engine  calcu- 
lated? 

Ans.  Usually  from  the  same  formula  used  in  connec- 
tion with  the  steam  engine,  and  the  computation  is  based 
upon  the  mean  effective  pressure  developed  at  each  ex- 
plosion. 

279.  What  percentage  of  the  total  calorific  value  of 
the  coal  is  usually  converted  into  useful  work  with  the 
steam  engine? 

Ans.    Prom  5  to  10  per  cent. 

280.  What  percentage  of  the  energy  contained  in  the 
fuel  is  it  possible  to  utilize  with  a  modem  gas-driven 
Wt?     ' 
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Ans,    From  16  to  20  per  cent. 

281.  How  many  types  of  apparatus  are  in  use  for  the 
production  of  ga&  for  power? 

Ans.    Three :  the  suction  producer,  the  steam  pressure 
producer,  and  the  induced  down  draft  producer. 

282.  What  kind  of  fuel  must  be  used  in  the  suc- 
tion producer? 

Ans.     Coke  or  anthracite. 

283.  What  kind  of  fuel  is  available  for  the  steam 
pressure  producer? 

A71S.    Only  coke  or  anthracite. 

284.  What  kind  of  fuel  is  the  induced  down  draft 
producer  adapted  for? 

Ans.    Bituminous  coal. 

285.  How  may  gas  engine  efficiency  be  expressed? 
Ans.    In  terms  of  heat  value. 


tliE  DYNAMO. 

The  dynamo  is  a  machine  for  transforming  mechanical 
energy  into  electrical  energy — ^mechanical  energy  is  re- 
quired to  operate  the  mechanism  for  changing  field  and 
armature  relations,  and  this  energy  is  absorbed  by  the 
dynamo,  and  eleatric  energy  is  produced  in  its  stead.  The 
easiest  way  to  comprehend  the  principles  of  the  dynamo 
is  to  follow  up  its  construction  from  the  most  simple  type, 
to  one  of  the  more  complicated  forms.  Dynamos  are 
classified  into  two  grand  divisions,  viz.,  alternating  (A. 
C.)  dynamos,  and  direct  current  (D.  C.)  dynamos.  The 
A.  C.  dynamo  produces  a  current  that  reverses  its  direc- 
tion of  flow  periodically,  in  practice  from  twenty  times 
and  upward  per  second.  The  D.  C.  dynamo  produces  a 
current  of  unchanging  direction. 

The  principal  constituent  parts  of  a  dynamo  are  the 
armature,  consisting  of  a  core  and  windings,  the  field  con- 
sisting also  of  core  and  windings,  the  collecting  rings,  or 
commutator  and  brushes.  The  armature  and  field  vary 
in  construction,  their  windings  vary  in  system,  and  from 
these  variations,  many  different  varieties  of  dynamos  are 
constructed. 

Direction  of  the  Induced  E.  M,  P.  Lay  a  magnet  on 
a  table  with  its  N-end  projecting  over  the  edge.  Take  a 
copper  wire  and  connect  its  two  ends  to  a  galvanometer 
or  pressure  meter;  usually  called  a  Voltmeter.  Stretch  a 
portion  of  this  wire  between  the  right  and  left  hands,  and 
move  the  wire  rapidly  down  in  front  of  the  N-end  of  the 
magnet  at  right  angles  to  lines  of  its  action.    There  will 
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be  induced  in  the  wire  a  pressure  or  Electro-motive  forc^ 
which  will  send  current  through  the  wire  from  the  right 
hand  to  the  left.  The  galvanometer  will  give  a  deflection 
showing  the  flow  of  current.  ^ 

This  deflection  is  not  a  permanent  one,  the  needle  in- 
stantly dropping  back  to  zero,  proving  that  only  a  mo- 
mentary current  was  produced. 

If  the  experiment  is  tried  moving  the  wire  upwards  the 
direction  of  the  momentary  current  is  reversed. 

With  a  downward  motion  in  front  of  a  S-pole  we  get 
a  left  to  right  current. 

Hence,  starting  with  a  certain  polarity  and  direction 
of  motion,  changing  one  changes  the  direction  of  the  in- 
duced current,  while  changing  both  the  polarity  and  the 
direction  of  the  motion  does  not  reverse  the  current. 

Now  hold  the  wire  a  foot  away  from  the  magnet  and 
directly  opposite  it,  moving  the  wire  up  to  the  magnet 
and  back  again,  keeping  the  distance  from  the  wire  to  the 
floor  the  same,  so  that  the  motion  shall  be  parallel  to  the 
flux.    No.  E.  M.  F.  is  generated  in  this  case. 

An  electromagnet  would  do  as  well  and  probably  better 
for  the  experiment  as  they  are  usually  stronger  than  per- 
manent magnets. 

The  value  of  the  Induced  E,  M.  F.  depends  upon  the 
following : 

1.  The  greater  the  strength  of  the  magnet,  the  greater 
the  E.  M.  F. 

2.  The  more  rapidly  the  wire  is  moved,  the  greater  the 
induction. 

3.  The  larger  the  number  of  turns  in  a  coil  of  wire, 
the  greater  is  the  E.  M.  F.  induced  in  it. 

The  induced  E.  M.  F.  therefore  depends  on  the  flux,  the 
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speed  of  cutting  this  flux,  and  the  number  of  wires  cut- 
ting this  flux. 

A  dynamo  reduced  to  its  simplest  form  is  a  coil  of  wire 
arranged  so  as  to  cut  the  magnet  flux  of  an  electro  mag- 
net, thus  producing  an  induced  electromotive  force. 

The  current  flows  through  the  dynamo  and  the  external 
circuit  in  series,  hence  the  greater  the  current  the  larger 
must  be  the  dynamo  and  the  heavier  the  wires  of  the  ex- 
ternal circuit. 

Since  the  E.  M.  F.  (electromotive  force)  can  be  pro- 
duced almost  entirely  by  speed  of  the  machine,  the  volt- 
age at  which  the  current  is  delivered  does  not  aflfect  the 
weight  of  the  machine  very  much. 

It  is  also  evident  that  the  faster  a  machine  is  driven 
the  smaller  the  magnets  can  be,  and  yet  the  same  E.  M.  P. 
be  produced.  This  is  why  high  speed  generators  weigh 
less  than  low  speed  machines.  The  usual  600  volt  railway 
generator  weighs  11, 13,  or  16  pounds  per  ampere  of  cur- 
rent capacity. 

The  railway  generator  whose  voltage  is  600,  and  whose 
resistance  is  0.025  of  an  ohm,  would  give  a  current  which 
can  be  calculated  by  Ohms  law. 

j^    ^        E.  M.  F. 

Resistance  of  generator  plus 
resistance  of  the  external 
circuit. 

If  we  allowed  the  external  resistance  to  fall  too  low  by 
attempting  to  operate  too  many  locomotives  at  the  same 
time,  the  current  drawn  would  generate  a  great  amount  of 
heat  while  passing  through  the  machine.  The  amount  of 
this  heat  can  be  calculated  by  the  rule. 

Heat  in  Watts  is  equal  to  the  Square  of  the  current 
midtiplied  by  the  resistance  of  the  generator. 
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If  we  build  an  11-ton  generator  and  load  it  too  heav- 
ily, that  is,  put  4,000  amperes  on  it;  it  will  have  C-R 
watts  of  heat  or  16,000,000x0.025  equal  to  40  K.  W. 
(kilo  watts)  to  dissipate.  Now  a  machine  like  this  has 
such  a  small  surface  that  it  cannot  radiate  40  K.  W.  of 
heat  to  the  air,  whereas  if  a  heavier  machine  had  been 
built,  one  of  22  tons,  it  could  have  gotten  rid  of  the  heat. 
Moreover  the  copper  wires  of  the  22-ton  machine  being 
larger  than  those  of  the  light  machine,  the  resistance  they 
offer  is  less,  and  there  will  be  less  heat  generated.  Thus 
the  heavier  machine  will  run  cooler  than  even  the  light 
machine  properly  loaded. 

The  danger  in  overheating  of  generators  is  the  damage 
done  to  the  cotton  insulation  of  the  wires,  due  to  scorch- 
ing, and  the  melting  of  the  shellac  varnish  between  the 
layers  of  mica.  The  mica  itself  stands  the  heat  very 
nicely.  Any  overheating  of  the  armature  and  the  com- 
mutator is  at  once  conducted  to  the  bearings. 

To  prevent  the  generation  and  retention  of  too  much 
heat  it  is  customary  to  allow  700  C.  M.  (circular  mils)  of 
copper  for  each  ampere  of  current,  and  to  design  the 
shape  of  the  coils  of  wire  so  that  they  will  have  one  square 
inch  of  surface  for  every  two  watts  of  heat  to  be  gotten 
rid  of. 

The  generator  must  be  protected  by  fuses  (which  will 
melt)  or  by  circuit  breakers  (automatic  switches  opening 
at  a  definite  current)  which  will  open  the  circuit,  and  pre- 
vent the  further  flow  of  current  in  case  of  an  accidental 
lov.-  resistance  or  short  circuit,  as  it  is  called,  which  would 
otherwise  draw  a  very  heavy  current  and  burn  out  the 
dynamo.    The  armature  is  the  part  that  suffers  first. 

In  talking  about  dynamos  or  generators  (the  two  names 
are  used  for  the  same  machine)  we  use  the  words  E.  M.  P. 
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and  voltage.  By  the  E.  M.  F.  of  a  dynamo  is  meant  the 
total  pressure  generated  by  the  armature.  As  the  current 
flows  through  the  armature  and  field  circuits  of  a  railway 
generator  it  encounters  the  internal  resistance  of  the  gen- 
erator, and  pressure  is  lost  according  to  the  rule :  drop  in 
pressure  is  equal  to  the  product  of  the  current  and  the 
resistance.  Hence  the  current  as  it  flows  out  of  the  gen- 
erator is  at  a  reduced  pressure ;  and  this  pressure  at  which 
current  is  delivered  to  the  switch  board,  is  called  the 
terminal  voltage  or  simply  the  Voltage  of  the  machine. 
For  the  generator  like  above  drop=C  x  R=2000  x 
0.025=50  volts. 

If  we  intend  to  deliver  power  at  600  volts  it  will  be 
necessary  to  design  the  speed  and  the  magnetic  flux  to 
produce  a  pressure  of  about  650  volts. 

If  a  voltmeter  be  applied  to  the  brushes  of  a  generator 
just  ready  to  go  into  service,  but  not  yet  carrying  any 
load,  the  reading  obtained  is  called  the  E.  M.  F.  When 
the  switches  are  closed  and  the  generator  furnishes  power 
to  the  line  the  reading  of  the  voltmeter  will  drop  and  its 
reading  is  called  the  Voltage  of  the  machine. 

We  often  speak  of  current  being  drawn  from  the  dyna- 
mo. The  generator  keeps  a  steady  pressure  on  the  line  of 
600  volts  and  the  flow  of  current  is  regulated  by  the  load 
in  the  following  Tvay : 

One  locomotive  hauling  a  train  at  speed  will  have  a  re- 
sistance of  0.3  ohm  and  will  draw  600  divided  by  0.3  or 
2,000  amperes. 

It  would  be  more  accurate  to  say  2,000  amperes  are  al- 
lowed to  flow.  This  locomotive  is  the  only  path  for  cur- 
rent to  pass  from  the  feeder  (third  rail)  to  the  return 
(rails).  When  two  locomotives  are  in  use  there  are  two 
paths  between  the  feeder  and  the  return.     The  conduc- 
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tivity  between  conductors  has  been  doubled  and  the  re- 
sistance halved.    Double  the  previous  current  now  flows. 

In  this  way  we  get  the  current  desired  by  lowering  the 
resistance,  and  as  the  current  passes  it  performs  the  work. 

Two  locomotives  draw  twice  the  current  of  one,  hence 
their  conductivity  is  double  that  of  one,  and  their  com- 
bined resistance  is  half  of  one. 

The  conductivity  of  three  locomotives  is  treble,  so  their 
combined  resistance  or  joint  resistance  is  one-third  that 
of  one. 


Pig.  220.     Direction  of  Induced  B.  M.  F.  in  Dynamo. 


In  the  usual  type  of  railroad  generator,  the  revolving 
part  is  the  armature  and  the  stationary  part  the  field 
magnets.  Pig.  220  shows  the  elements  of  a  dynamo,  and 
as  the  loop  is  rotated  there  is  an  E.  M.  F.  generated  in  it. 

While  the  loop  is  coming  into  and  passing  away  from 
the  position  ABCD,  there  is  no  E.  M.  P.  generated,  for 
the  reason  that  the  motion  is  parallel  to  the  flux.  As  the 
loop  moves  towards  the  position  ABCD  by  a  uniform  ro- 
tative speed  it  cuts  the  lines  of  force  faster  and  faster, 
for  first  it  cuts  in  an  oblique  manner  but  as  the  loop  comes 
into  the  position  of  abed  the  loop  is  moving  straight 
across  the  flux.    Hence  the  actual  number  of  lines  cut 
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per  second  is  least  at  ABCD  and  gradually  increasing  be- 
comes greatest  at  abed;  thus  producing  an  E.  M.  F.  of 
varying  value. 

During  this  quarter  of  a  revolution  the  wire  BA  has 
moved  down  in  front  of  a  S-pole  inducing  an  E.  M.  F. 
tending  to  send  current  from  B  towards  A.  The  other 
part  of  the  loop  CD  has  moved  upward  in  front  of  a  N- 
pole  inducing  an  E.  M.  F.  tending  to  send  current  from 
C  towards  D. 


Fig.  221. 


The  Simple  Alternating  Current  Dynamo. 
Positive. 


Brush  M  Is 


These  results  are  in  accordance  with  the  experiments 
previously  described. 

This  action  is  repeated  during  the  next  quarter  of  a 
revolution,  and  when  finally  the  coil  is  in  the  position 
ABCD  with  AB  at  the  bottom  the  pressure  is  again  at 
zero. 
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The  value  of  the  E.  M.  F.  has  started  at  zero,  risen  to 
a  maximum,  and  decreased  to  zero  again.  This  gives  a 
fluctuating  current  or  pulsating  current  in  the  external 
circuit. 

When  AB  rises  in  front  of  the  N-pole  the  E.  M.  P.  will 
be  in  the  direction  of  from  A  to  B,  while  before  it  was 
from  B  to  A.  During  each  revolution  of  the  loop  the  cur- 
rent flows  one  way  half  the  time,  and  then  is  reversed  and 
flows  the  other  way. 


Pig.  222. 


The  simple  Akeraator,  Shows  Ooll  at  One-balf  a  Revolution 
from  Fig.  221.     Brush  M  is  Now  Negative. 


This  is  what  happens  in  the  armatures  of  all  dynamos 
whether  alternating  (A.  C.)  or  direct  (D.  C.)  current 
types. 

In  order  to  utilize  the  current  flowing  in  the  loop  of 
Fip:.  220  it  is  necessary  to  attach  two  collector  rings  as 
shown  in  Figs.  221  and  222,  which  gives  us  an  A.  C.  gen- 
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erator  or  an  Alternator.  For  a  D.  C.  generator  or  simply 
Generator,  the  ends  of  the  loop  are  connected  to  one  ring 
split  as  shown  in  Fig.  223,  whose  halves  are  insulated 
from  each  other  and  from  the  shaft.  Two  brushes  are 
placed  as  in  Fig.  224.  In  this  case  the  alternating  E.  M. 
F.  will  be  reversed  or  commuted  at  the  proper  instant 
and  there  will  be  a  one  direction  E.  M.  F.  impressed  on 
the  external  circuit.  The  split  ring  is  called  a  Commu- 
tator, 


Fig.  223.     An  Armature  Ooil  Connected  to  a  Two-part  Commutator,  so 
as  to  Deliver  Direct  Current. 


THE  ALTERNATOR. 

In  Figs.  221  and  222  are  shown  two  positions  of  the 
loop  on  the  armature  of  an  alternator.  The  collector 
rings  are  insulated  from  the  shaft  and  each  other  by 
mica.  The  terminals  of  the  loop  are  soldered  or  riveted 
(sometimes  both)  to  the  rings,  and  current  is  led  to  the 
external  circuit  containing  the  lamps  by  stationary  strips 
of  copper  which  form  a  sliding  contact  with  the  rings. 

Referring  to  Fig.  221  it  will  be  seen  that  during  th^ 
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first  half  of  the  revolution  of  the  loop  ABCD,  the  direc- 
tion of  the  E.  M.  F.  in  AB  is  from  B  to  A,  and  in  CD  is 
from  C  to  D. 

The  current  flows  from  the  brush  M  to  the  lamps  so 
that  M  is  positive. 

Reference  to  Fig.  222  shows  that  the  wire  in  front  of 
the  S-pole  is  still  positive,  but  that  it  is  now  the  wire  CD 
instead  of  AB,  so  P  is  the  positive  brush  for  the  second 
half  of  the  revolution.  There  are  two  reversals  of  the 
current  per  revolution. 

The  number  of  alternations  per  minute  is  the  speed  in 
revolutions  per  minute  multiplied  by  the  number  of  poles. 


Fig.  224.     Cross  Section  of  Simple  Commutator.     Black  Represents 
^      Copper;   Wblte  Space   Is   Hlca  Insulation. 

The  number  of  cycles  is  found  by  multiplying  the  speed 
in  revolutions  per  second  by  the  number  of  pairs  of  poles. 
The  number  of  cycles  is  usually  spoken  of  as  the  Fre- 
quency  of  the  alternator. 

The  usual  frequencies  are  for  power  25,  for  motor  cir- 
cuits, and  arc  lamps  66,  and  for  incandescent  lighting 
133. 

THE  DIBEGT  CURRENT  GENERATOR. 

In  Pig.  225  is  shown  a  loop  and  a  two  part  commutator 
of  a  D.  C.  generator. 

Since  the  wire  AB  is  moving  down  past  a  S-pole,  the 
current  flows  from  B  to  A  and  out  of  the  brush  M,  which 
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is  called  the  positive  brush.    In  wire  CD  the  current  flows 
from  C  to  D,  making  P  the  negative  brush. 

After  half  a  revolution  the  wire  CD  is  over  where  AB 
was,  and  is  now  delivering  current  towards  the  external 
circuit  instead  of  away  from  it;  but  CD  is  now  connected 
through  its  commutator  bar  to  brush  M  -instead  of  to  P  so 
that  the  brush  M  is  still  positive.  (See  Fig.  226.)  * 


Fig.  225.     Simple  D.  C.  Generator.     At  This  Instant  the  Brush  H  Is 

Positive. 


This  arrangement  of  commutator  bars  and  brushes  per- 
forms the  duty  of  connecting  the  brush  M  to  that  part  of 
the  winding,  and  only  that  part  which  is  moving  down  in 
front  of  a  S-pole.  As  long  as  the  wire  AB  moves  up  in 
front  of  a  N-pole  the  commutator  connects  it  to  brush  P, 
but  as  soon  as  It  begins  to  move  down  in  front  of  a  S-pole 
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it  is  immediately  disconnected  from  P,  and  a  connection 
made  with  M. 

To  increase  the  E.M.F.     The  greater  the  field  strength 
and  the  higher  the  speed  the  greater  the  E.M.F. 


Fig.    226. 


Simple  D.  C. 
Revolution, 


GeiMrator.     The  Armature  Has  Made  Half  a 
but   Brush  M   Is   Still   Positive. 


When  the  speed  has  been  raised  until  the  surface  of  the 
armature  is  traveling  at  the  rate  of  3,000  ft.  a  minute* 
no  further  increase  is  made,  lest  the  bursting  stresses  be- 
come too  great. 

In  order  to  further  increase  the  E.M.F.  more  turns  or 
loops  of  wire  must  be  wound  on  the  armature.    A  coil  of 


*Tliis  is  called  the  Peripheral  Speed  of  the  armature  and  is 
calculated  by  this  rule: 

P.  S.  equals  3.1416  x  D  x  R.  P.  M.  where  D  is  the  diameter 
of  armature  in  feet  and  R.  P.  M.  is  the  revolutions  of  the 
armature  per  minute. 
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16  turns  as  in  Pig.  227  will  give  an  E.M.P.  16  times  as 
great  as  a  coil  like  Fig.  223.  Reference  to  Fig.  228  will 
serve  to  make  this  plain. 


Pig.  227.     A  Single  Coil  Armature  of  Many  Turns. 

Suppose  the  direction  of  rotation  to  be  the  same  as  the 
hands  of  a  watch  when  viewed  from  the  commutator  end 
of  machine ;  then  the  E.  M.  F.  's  induced  in  the  successive 


Fig.  228.     An  Armature  Coil  of  Many  Turns  Showing  How  the  Induced 
E.  M.  F.  of  Elach  Turn  Adds  Itself  to  That  of  Other  Turns. 

portions  of  the  wire  will  be  as  shown  by  the  arrows,  and 
will  add  to  each  other  impressing  a  high  E.^M.F.  on  the 
brushes.    These  turns  of  wire  are  said  to  be  in  series. 

Any  betterment  of  the  magnetic  conductivity  of  the 
frame  of  the  machine  will  increase  the  E.M.F.  ^  by  pro- 
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ducing  a  greater  flux  per  pound  of  copper  on  the  field 
magnets.  Hence  the  winding  of  the  armature  inductors 
(wires)  on  a  core  of  very  softest  iron  is  an  economic  ne- 


Plg.  229.     Drum  Winding  on  a  Drum  Core.     Four  Oolls  and  Pour 
Commutator   Bars.     For  Direct  Current. 

cessity,  resulting  in  either  a  higher  E.M.F.  or  a  reduc- 
tion of  the  expense  for  copper  in  the  field  coils. 

These  cores  are  called  Drum  cores  when  the  central  hole 
is  just  large  enough  for  the  shaft  and  the  insulation 


Fig.  230.     Diagram  of  Fig.   229. 


around  it  (Fig.  229) ;  and  are  named  Ring  cores  when  the 
internal  diameter  of  the  ring  is  much  larger  than  the 
shaft.     (Fig.  231.)  The  armature  in  Fig.  232  has  a  ring 
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core,  but  the  end  plates  being  in  position,  the  large  hole 
is  concealed. 

These  cores  are  built  up  of  a  great  many  punchings 
of  soft  iron  from  15  to  40  mils  thick,  pickled  so  as  to 
rust  them  a  little.    Every  tenth  one  is  varnished  or  tissue 


Fig.  281.     Simple  Gramme  Ring  Winding. 

paper  pasted  on.  The  rust,  varnish  and  paper  are  all  in- 
sulators and  when  the  punchings  are  assembled  in  a  core, 
prevent  currents  called  Eddy  currents  from  flowing  from 
one  end  of  the  armature  to  tiie  other  and  heating  it. 


Fig.  232.     Bigbt  Section  Eighty  Coll  Ring  Winding  on  a  Smooth  Ring 
Core,  with  EUghty  Bar  Commutator.     For  Direct  Current. 

These  cores  are  sometimes  smooth  but  more  frequently 
are  slotted  with  the  wires  laid  in  the  slots. 
About  10  to  15%  of  the  length  of  the  core  is  insula- 
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:ioii,  and  about  50%  of  the  surface  is  slots  containing  the 
inductors. 

To  get  a  Continuous  EM,F,  While  a  single  coil  of 
many  turns  produces  a  high  E.M.F.,  which  by  a  two  part 
commutator  is  always  applied  to  the  external  circuit  in 
the  same  direction,  yet  this  coil  passes  through  all  the 
changes  in  voltage  mentioned  in  connection  with  Fig.  220. 


Pig.  233.     iSIght  Coll  Oramme  Ring  Winding,  with  Bight  Part 
Commutator. 


Fig.  231  shows  the  construction  of  the  Gramme  ring,  so 
named  from  the  inventor  Gramme.  The  winding  is  on  a 
ring  core  made  up  of  soft  iron  punchings  25  mils  thick. 

The  wires  on  the  outer  surface  are  active,  having 
E.M.F.  induced  in  them,^nd  are  called  armature  induc- 
tors. The  rest  of  the  wire  is  dead  wire  and  only  useful 
to  complete  the  circuits  between  inductors. 

Fig.  233  shows  the  same  windings  with  eight  coils  and 
eight  commutator  bars.  In  Fig.  232  the  armature  as  dia- 
grammed in  Fig.  233  is  shown  completed  with  its  four 
bands.    These  bands  are  from  12  to  25  convolutions  of 
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phosphor-bronze  wire  in  sizes  varying  from  No.  20  up  to 
14  laid  on  tightly  over  a  mica  insulation  and  sweated  with 
solder  all  the  way  round. 

In  Fig.  233  it  will  be  seen  that  the  complete  winding 
can  be  divided  into  two  parts,  one  influenced  by  the  N- 
pole,  the  other  by  the  S-pole  standing  at  the  commutator 
end.  The  N-pole  side  moving  upwards  has  its  E.M.F.  in 
direction  from  back  to  front  of  armature  through  the  in- 
ductors; the  S-pole  side  has  E.M.F.  in  direction  from 
back  to  front  of  armature  through  the  dead  wire. 

In  winding  the  armature  the  wire  is  laid  on  in  a  con- 
tinuous spiral  as  shown.  This  makes  the  E.M.F.  in  each 
half  of  the  armature  in  series,  and  allows  the  current  to 
flow  from  one  coil  to  another,  except  at  the  points  where 
the  N-half  and  S-half  of  the  armature  meet.  Here  the 
E.M.F. 's  oppose  and  if  wires  were  connected  for  an  in- 
stant to  the  winding,  as  shown  in  the  picture,  the  two  op- 
posing E.M.F. 's  would  both  force  electricity  out  into  the 
wire  at  the  top  of  the  armature,  and  draw  it  in  at  the  bot- 
tom as  shown  by  the  arrows  on  these  wires.  This  will 
cause  a  current  to  flow  in  the  external  circuit. 

If  the  junctions  of  the  coils  are  connected  to  eight  com- 
mutator bars,  (one  bar  per  coil),  and  connect  the  ends  of 
the  external  circuit  by  brushes  to  the  commutator  bars 
which  are  midway  between  the  N-  and  S-poles,  then  each 
half  of  the  armature  separately  generates  an  E.M.F.  and 
delivers  current  to  the  external  circuit. 

Suppose  the  armature  to  be  revolving  at  the  highest 
safe  speed.  Each  inductor  will  move  past  the  magnet 
poles  at  a  speed  of  3,000  ft.  a  minute.  With  poles  pieces 
5x8  inches  and  a  flux  density  of  90,000  lines  per  square 
inch,  the  total  flux  will  be  5  x  8  x  90,000  or  3.6  million 
lines. 
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The  armature  may  be  9  inches  in  diameter  which  gives 
its  rotative  speed  1,270  (nearly). 
For  E.  P.  M.»=P.S.t-~(3.1416Xdiameter). 

3000  X  12       ^^^ 
=  3.1416  X    9=^^^^^^^^^' 

which  R.P.S.t=21  nearly. 

An  inductor  therefore  cuts  3.6  million  lines,  of  mag- 
netism twenty-one  times  a  second,  which  is  equivalent  to 
cutting  75.6  millions  once  per  second. 

Since  the  cutting  of  100  million  lines  per  second  by  an 
inductor  induces  1  volt  pressure,  each  inductor  on  this 
armature  revolving  in  this  field  will  produce  75.6-t-IOO 
or  %  of  a  volt  (approx.). 

The  4  coils  of  4  inductors  each  (Fig.  233)  on  the  N- 
half  of  armature  being  in  series  produces  3  volts  per  coil 
or  a  total  of  12  volts  which  is  the  EM,F.  of  the  gen- 
erator. 

The  S-half  of  the  armature  also  generates  a  pressure 
of  12  volts,  which  is  not  added  to  the  pressure  of  the  N- 
half ,  being  in  parallel  with  it.  An  inspection  of  Fig.  233 
shows  that  they  oppose  rather  than  add  to  each  other ;  but 
an  outlet  being  provided  they  turn  aside  through  it,  and 
send  current  separately  and  independently  towards  the 
outside  circuit. 

If  the  armature  is  wound  with  No.  10  A.W.G.§  the 
diameter  of  which  is  0.102  inch  or  102  mils,  its  area  is 
102  squared  equal  to  10,404  c.  m.  Allowing  700  c.  m.  per 


♦Revolutions  per  minnte. 
tPeripheral  speed. 
JRevolutions  per  second. 
{American  Wire  Gauge. 
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ampere,  it  will  carry  15  amperes,  without  too  much  heat- 
ing. 

Since  each  side  of  the  armature  delivers  its  own  cur- 
rent to  the  brushes,  the  safe  current  output  of  this  gener- 
ator is  30  amperes. 


A       k 
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TMr  Fole.  Poor  OreulcCruw  OoDMeud 
Two  Brii»lie«  or  Pour  BrOslM^ 
la  Multiple. 


FOar  Pol«.Two  Clrctflt  Mac 

Two  Bni%liM  or  Pour  BniahM, 

to  Multiply. 


Fig.  234.     Showing  the  Number  and   Position  of  Brushes  on  Different 
Armature  Windings. 

The  black  brushes  are  the  ones  actually  used,  the  dotted  ones  being 
dispensed  with  on  account  of  the  particular  winding. 


Suppose  there  are  250  ft.  of  this  No.  10  wire  on  this 
armature.  The  resistance  of  the  wire  from  the  wire  table 
is  1.02  ohms  per  1,000  ft. 

The  resistance  of  all  the  mire  on  armature  is  0.255  ohm, 
and  the  resistance  of  the  wire  on  each  half  of  the  arma- 
ture is  0.128  ohm. 

But  the  two  halves  are  in  parallel  so  the  resistance  of 
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the  armature  as  measured  from  brush  to  brush  will  be 
half  of  0.128  or  0.064  ohms. 

The  drop  or  loss  of  pressure  in  armature  will  be  CXR 
or  30X0.064,  equal  to  1.92  or  say  2  volts. 

This  machine  being  a  shunt  generator,  the  main  current 
does  not  pass  through  the  fields,  and  there  is  no  further 
voltage  loss. 

The  E.M.F.  of  this  dynamo  is  12  volts  and  its  voltage 
10  volts.  Its  output  in  watts  will  be  10X30=300  watts 
or  0.3  kw.    This  is  the  rating  of  the  generator. 

The  generator  will  carry  this  load  22  hours  a  day  with- 
out getting  more  than  90°  Fahr.  hotter  than  the  sur- 
rounding air. 

A  properly  proportioned  machine  will  stand  a  25% 
overload  for  half  an  hour,  rising  an  extra  30°  in  tempera- 
ture, and  it  will  stand  a  50%  overload  for  one  minute 
without  being  damaged  by  the  heat. 


DRUM  WINDINGS. 

The  extra  labor  involved  in  passing  the  dead  wire 
through  the  bore  of  a  ring  core  is  avoided  by  going  back 
to  first  principles  again  and  placing  on  the  core  (either 
drum  or  ring)  a  number  of  coils  shaped  as  in  Fig..  227, 
producing  a  winding  as  in  Fig.  229. 

It  is  to  be  noted  that  the  inductors  lie  entirely  on  the 
outer  surface  of  the  core  and  that  the  percentage  of  dead 
wire  is  less  than  in  Fig.  231. 

For  a  long,  small  diameter  armature,  drum  winding 
uses  the  least  wire;  while  for  a  short,  large  diameter 
core,  the  ring  winding  will  require  fewer  pounds  of  cop- 
per. 

In  order  to  make  the  diagram  in  Fig.  230  clear,  it  has 
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its  proportions  wrong.  The  dead  part  of  the  wire  is 
drawn  very  long  and  the  active  part  very  short.  The  re- 
verse is  true  of  an  actual  winding. 

Referring  to  Pig.  229,  and  using  Fig.  230  as  a  guide, 
the  left  side  of  the  armature  is  the  N-pole  side  and  the 
right  the  S-pole  side ;  and  the  armature  is  revolving  anti- 
clockwise (otherwise  the  upper  brush  would  be  positive). 

The  E.M.F.'s  on  the  N-side  and  S-side  of  coil  T,  as  in 
Fig.  228,  are  in  series  and  add  up,  producing  a  current 
flow  towards  the  lower  (positive)  brush.  The  current 
passes  through  the  inactive  (dead)  coil  R  in  order  to  get 
to  the  positive  brush. 

At  the  same  time  the  E.M.F.'s  in  coil  B  add  up  and 
passing  through  the  dead  coil  L,  drive  current  out  of 
lower  brush. 

The  value  of  the  E.M.'F.  is  eight  times  that  which  one 
inductor  can  produce.  For  the  active  coil  T  has  4  loops, 
i.  e.,  8  inductors  in  series,  as  also  has  the  coil  B.  Sup- 
pose T  produces  8  volts,  the  two  coils  T  and  B  are  in  par- 
allel  and  do  not  add  their  E.M.F.'s. 

The  coils  L  and  R  are  dead,  h  being  in  series  with  B 
and  R  in  series  with  T,  but  they  produce  no  E.M.F.  At 
the  present  instant  they  are  but  a  wasteful  resistance; 
their  value,  however,  will  be  soon  seen. 

When  the  armature  has  moved  about  %  of  a  revolution, 
T  is  cutting  flux  slantingly  and  R,  which  is  in  series  with 
it,  is  beginning  to  cut  flux  also.  T  is  only  %  active,  pro- 
ducing say  6  volts,  and  R  is  not  totally  dead  but  ^4  ac- 
tive, producing  2  volts.  Hence  the  voltage  of  the  machine 
is  still  8. 

At  ^/4  revolution  R  is  doing  full  work  and  B  is  dead 
and  in  series  with  it,  while  T  is  dead  and  L  in  series  with 
it  is  at  full  activity.    Now  R  and  L  produce  the  E.M.F. 
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The  current  enters  the  armature  through  the  upper 
brush,  splits  and  passes  through  the  armature  by  two 
parallel  circuits,  one  containing  T  and  R  in  series  and 
the  other  containing  L  and  B.  During  a  revolution  these 
coils  interchange  places,  but  two  coils  are  always  in  each 
circuit. 

When  6  amperes  flow  in  the  external  circuit  the  No.  16 
wire  of  the  armature  is  not  overheated,  as  it  has  but  3 
amperes  to  carry.  It  has  2583  C.  M.,  which  is  more  than 
3X700  C.  M. 

Self-excitaiion  of  a  Dynamo.  When  a  dynamo  is  stand* 
ing  idle  the  field  magnets  are  weakly  magnetic,  due  to 
residual  magnetism. 

Let  the  armature  revolve,  and  in  a  shunt,  or  compound 
machine  open,  in  a  series  generator  close  the  external  cir- 
cuit. 

A  few  volts  will  be  generated  and  cause  a  current  to 
flow  through  the  fields,  hence  the  magnetism  will  increase 
and  more  voltage  will  be  induced.  This  voltage  will  send 
increased  current  through  the  shunt  field,  and  cause  more 
volts  to  be  induced. 

The  machine  is  now  '* building  up." 

As  more  and  more  magnetism  is  put  into  the  fields,  it 
becomes  harder  to  get  any  more  in  as  the  iron  is  approach- 
ing saturation  and  there  is  more  and  more  leakage. 

Hence  at  a  certain  point,  depending  on  the  design  of 
the  machine,  the  difficulty  of  increasing  the  magnetism 
being  added  to  the  effect  of  the  leakage  just  balances  the 
tendency  of  the  voltage  to  be  increased.  If  nothing  else 
is  done  the  voltage  of  the  dynamo  will  remain  constant. 

In  the  series  field,  is  passing  all  the  current  drawn 
from  the  machine,  and  the  field  strength  and  voltage  tend 
to  increase.    This  increase  is  opposed  by  the  C.  R.  loss 
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in  armature  and  field,  and  the  effect  of  the  increasing 
field  density.  The  net  result  is  a  buildiiig  up  of  the  volt- 
age and  if  the  load  is  not  changed  the  voltage  of  the 
machine  will  remain  constant. 

Beguhtion,  If  now  in  the  shunt  generator  the  ex« 
temal  circuit  is  closed,  an  extra  current  (very  large  in 
proportion  to  the  field  current)  is  drawn  from  the  arma- 
ture and  causes  a  C.R.  loss. 

A  lower  voltage  is  thus  impressed  on  the  external  cir- 
cuit, also  on  the  field.  Hence  the  field  weakens,  and  the 
added  results  of  C.R.  loss  and  weaker  field  is  a  consider- 
able drop  in  voltage  for  each  increase  in  load. 

Resistance  must  be  cut  out  of  the  field  as  load  increases. 

When  in  the  series  generator  the  load  increases,  a 
shunt  should  be  placed  around  the  field  to  weaken  it,  if 
a  constant  potential  is  desired. 

Position  of  the  Brushes,  In  order  that  one  set  of 
brushes  may  take  away  from,  and  the  other  set  deliver 
current  to  the  generator  in  a  bipolar  machine  these  sets 
are  on  opposite  sides  of  the  commutator. 

In  some  dynamos  when  the  inductors  come  out  of  the 
slots,  one  goes  straight  on  to  a  commutator  bar,  and  the 
other  is  bent  over  to  its  proper  bar.  This  'puts  the 
brushes  in  line  with  part  of  the  coil,  and  they  will  be 
found  half  way  between  the  pole  tips. 

It  is  usual  to  bend  both  inductors  as  they  leave  the 
slots  and  connect  to  bars  half  way  between  the  slots. 
Then  the  brushes  will  be  found  opposite  the  middle  of  the 
pole  piece. 

In  dynamos  and  non-reversing  motors  the  brushes  are 
a  little  distance  away  from  the  points  mentioned,  but  in 
reversing  motors  are  exactly  at  these  points. 
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The  alternate  brushes  are  of  the  same  polarity  and 
there  is  usually  a  set  of  brushes  for  each  field  magnet. 

The  placing  of  the  brushes  on  the  commutator  with  a 
certain  relation  to  the  winding  is  necessary  as  a  referenc(? 
to  Fig.  234,  or  to  the  diagram  of  any  winding  will  show 
that  the  brush  while  collecting  current  is  at  the  same  time 
short  circuiting  one  of  the  coils. 

In  order  that  an  excessive  current  may  not  be  gen- 
erated in  this  short  circuited  coil  it  must  be  out  in  the 
interpolar  space  at  the  time  the  brush  touches  the  two 
bars  belonging  to  it. 


Pig.  235.     Showing  Position  of  Brush  for  Sparklers.     Colliection  of 
Current. 


Sparking.  When  a  current  is  broken  there  is  always 
a  spark,  which  is  greater  the  more  turns  in  the  wire,  and 
the  more  iron  within  these  turns.  That  is,  the  more 
inductive  the  current  the  worse  the  spark. 

The  conditions  are  right  for  excessive  sparking  in  a 
machine,  for  the  circuit  is  inductive  and,  although  the 
circuit  is  not  actually  broken,  the  current  being  merely 
shifted,  yet  the  result  is  equivalent  to  it. 

Looking  at  Fig.  235  and  considering  the  line  N  N  '  - 
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be  about  midway  between  the  pole  pieces.    The  coil  B  is 
short  circuited  but  has  no  current  in  it  because : 

1.  The  field  is  very  weak  and  the  coil  is  moving  paral- 
lel to  it,  so  no  E.M.F.  is  generated  in  the  coit 

2.  The  currents  from  the  N-  and  S-side  of  winding 
enter  the  brush  without  going  through  the  coil  B. 

Coil  B  has  therefore  no  current  in  it,  but  being  con- 
nected to  A  and  C  whose  potential  is  high  B  is  charged 
with  electricity,  and  it  is  full  of  coulombs,*  which  are 
at  rest. 

When  the  armature  revolves  as  shown  and  the  toe  of 
a  copper  brush  leaves  bar  3  the  current  from  C  must 
instantly  change  over  going  through  B  to  reach  the  brush. 
The  coulombs  in  B  which  are  at  rest  should  instantly 
move  at  full  speed  becoming  a  part  of  the  armature 
current. 

It  being  impossible  to  set  the  coulombs  in  B  into  motion 
instantaneously  it  is  evident  that  the  current  from  G 
encounters  more  than  the  ohmic  resistance  of  the  coil  B. 
This  extra  opposition  being  called  reactance. 

The  path  through  B  being  momentarily  practically 
nonconducting,  the  circuit  is  broken  by  the  brush  moving 
away  from  the  bar,  and  a  spark  or  arc  formed. 

The  circuit  being  inductive  (having  turns  containing 
iron)  the  spark  is  persistent  and  holds  until  the  reactance 
of  coil  B  decreasing,  it  begins  to  conduct  and  diverts 
enough  current  into  the  proper  path  and  the  arc  goes 
out  for  lack  of  current  to  maintain  it. 

This  sparking  is  avoided  in  the  following  way : 

1.     Carbon  brushes  of  high  resistance  are  used  which, 


*A  coulomb  is  a  certain  quantity  of  electricity.  When  a  coulomb 
passes  a  given  point  every  second  a  current  of  one  ampere  is  said 
to  flow. 
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as  the  part  of  the  brush  touching  a  bar  gets  narrower, 
due  to  the  high  resistance,  throttles  the  current,  gradu- 
ally forcing  it  over  to  the  coil  B.  Hence  B  does  not  have 
to  instantly  carry  all  the  current. 

2.  Move  the  brushes  of  a  dynamo  in  direction  of  rota- 
<;ion  until  they  are  nearer  the  pole  shoe,  exactly  as  is 
shown  in  Fig.  235. 

The  short  circuited  coil  B  is  now  under  the  fringe 
from  the  pole  piece;  and  is  moving  obliquely  through  a 
stronger  field.    A  small  E.M.F.  is  generated  in  it. 

From  the  illustration  it  will  be  seen  that  a  current  in 
the  same,  as  in  C  (for  B  and  C  are  under  influence  of 
same  pole  piece)  flows  around  through  B,  the  bars  2  and 
3  and  the  brush. 

By  shifting  the  brushes  a  little  to  and  fro  the  correct 
strength  of  field  can  be  selected,  and  the  obliouity  at 
which  it  is  cut  adjusted,  so  that  a  current  will  be  made 
to  flow  in  B  not  only  of  the  same  direction  as  that  in  C, 
but  also  of  exactly  the  same  value. 

Hence  when  the  toe  of  the  brush  slips  from  bar  3  the 
current  in  C  instead  of  running  against  the  impedance 
(the  sum  of  the  resistance  and  reactance)  of  coil  B,  finds 
itself  merely  falling  in  behind  the  flow  already  estab- 
lished, and  there  is  no  tendency  to  spark. 

In  a  motor  the  brushes  are  shifted  in  opposite  direction 
to  the  rotation  to  get  to  the  no  sparking  position.  Hence 
the  positions  for  sparkless  forward  or  backward  running 
are  some  distance  apart. 

It  is  a  mere  matter  of  first  cost  to  produce  a  machine 
with  absolutely  sparkless  commutation  under  any  condi- 
tions. It  is  the  skill  of  the  designers  which  has  (without 
prohibitive  cost)  so  reduced  the  distance  between  these 
two  points  that  it  may  be  spanned  by  a-  thick  carbon 
brush. 
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The  railroad  motor  of  today  opercutes  in  either  direc- 
tion, without  shift  of  brushes,  under  all  loads,  and  some 
overloads,  without  serious  sparking.  What  little  occurs 
is  of  such  small  volume  and  such  low  temperature  that 
no  greai  harm  is  done< 


CLASSES  OP  DtNAMOS* 

Dynamos  are  divided  into  classes  with  reference  to  the 
manner  in  which  their  fields  and  armature  are  inter-con- 
nected. 


Fig.  286.     Circuits  in  «  Series  Dynamo  or  Motor. 

The  series  dynamo.  Fig.  236.  The  same  current 
traverses  the  field,  armature  and  main  or  external  cir- 
cuits. The  conductors  in  these  circuits  are  about  the 
same  size.    The  circuits  are  all  in  series. 

This  dynamo  is  used  for  arc  lighting  and  as  a  booster 
for  increasing  the  pressure  on  a  feeder  carrying  current 
furnished  by  some  other  generator. 

The  characteristic  of  this  type  is  to  furnish  power  at 
an  increased  voltage  as  the  load  increases.    If  su£Scient 
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current  is  drawn  to  overload  the  machine  the  voltage 
will  fall. 

The  shunt  dynamo.  Pig.  237.  Here  the  field  circuit 
is  arranged  as  a  shunt  circuit.  The  armature  and  ex- 
ternal circuits  are  in  series.  The  armature  current  is 
the  sum  of  the  external  and  field  currents.  The  con- 
ductors on  the  field  are  very  much  smaller  than  those  on 
armature,  as  they  only  carry  2  to  5  per  cent  as  much  cur- 
rent. 


flMlstance  Box 


Fig.  237.     Circuits  of  a  Sbunt  Dynamo  with  iDstruments  and  a  Load  of 

Lamps. 


Used  for  incandescent  lamp  lighting,  mill  and  factory 
power. 

The  characteristic  of  the  shunt  generator  is  to  allow 
the  voltage  to  fall  as  the  load  is  increased. 

It  is  evident  that  only  by  a  combination  of  these  two 
into  a  compound  dynamo,  Fig.  238,  can  a  generator  be 
produced  which  will  deliver  any  power  within  its  rated 
i»apaeity  and  yet  hold  a  steady  voltage. 

The  armature  is  the  same  as  a  shunt  dynamo,  but 
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the  fields  have  two  distinct  windings,  one  shunt  and  the 
other  series. 

The  series  dynamo  is  often  called  a  constant  current 
generator  because  its  tendency  is  that  way,  and  with  a 
regulator  it  will  furnish  a  constant  current. 

The  shunt  dynamo  is  similarly  termed  a  constant  po- 
tential generator.  For  with  a  regulator  it  will  keep  to  a 
constant  voltage. 


Pig.  238.     Circuits  in  a  Compound  Dynamo. 

The  compound  generator  will  of  its  own  accord,  with- 
out any  regulator,  furnish  at  its  terminals,  or  at  any  dis- 
tant point  on  the  line  steady  power,  at  an  absolutely  con- 
stant voltage. 

In  railway  service  where  the  amount  of  power  required 
fluctuates  violently,  the  voltage  will  vary  somewhat,  for 
the  generator  scarcely  has  time  to  adjust  itself  to  the 
present  conditions  before  the  condition  no  longer  exists 
and  a  new  demand  arises. 

It  is  not  necessary  that  the  pressure  on  the  third-rail 
should  be  absolutely  constant,  and  for  this  kind  of  service 
the  compound  generator,  with  the  series  characteristic 
predominating,  so  as  to  keep  a  steady  pressure  out  on  the 
line  is  best  adapted. 
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PARTS  OP  DYNAMOS  AND  MOTORS. 

The  following  is  a  short  description  of  the  various  parts 
of  a  dynamo  or  motor  and  an  explanation  of  the  terms 
used  in  talking  about  them. 

Base.  Made  of  cast  iron  and  supports  the  magnet 
yoke  and  bearings.  It  is  made  hollow  to  save  unnecessary 
weight,  and  is  braced  internally  with  ribs  to  give  strength. 
It  is  bolted  to  a  masonry  foundation. 

Railway  motors  have  no  base;  the  yoke  being  bolted 
to  the  transoms  of  the  truck,  either  directly  or  through 
a  spring  supported  lug. 


Mi^ 


Fig.  239.     Field  Coil  of  Ribbon  wound  edgewise,  with  Laminated  Magnet 
Core  (on  left). 

Yoke.  The  ring  or  shell  steel  casting  to  which  the  mag- 
]Bet  cores  are  bolted.  Sometimes  the  cores  are  placed  in 
the  mold  and  the  yoke  cast  around  them. 

In  railway  motors  the  cores  are  so  short  that  they  are 
frequently  cast  solid  with  the  shell. 

Pole  pieces  or  faces.  Generally  of  cast  iron  bolted  or 
keyed  to  the  magnet  cores.  Being  greater  in  area  than 
cores,  they  serve  to  hold  the  field  coils  in  place. 

Jn  locomotives  they  are  sometimes  mad^  pf  sheet  irpn. 
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Magnet  cores.  Very  seldom  made  of  sheet  iron,  some- 
times of  wrought  iron  forgings,  but  generally  are  steel 
eastings. 

Fig.  239  shows  a  field  coil  and  a  magnet  core  of  an 
alternator.  The  winding  of  copper  ribbon  wound  edge- 
wise.   The  pole  piece  is  almost  same  size  as  coil. 

Fig.  240  shows  a  shunt  and  series  coil  (large  one  is 
shunt  coil)  wound  and  taped  ready  to  be  slipped  on  the 
magnet  core. 


Fig.  240.     Shunt  and  Series  Coils  ready  to  put  on  Core. 

This  core  has  the  pole  piece  cast  with  a  hole,  which  is 
bored  to  a  driving  fit  on  the  core. 

Fig.  241  shows  a  ring  yoke  with  the  field  coils  in  place. 

Fig.  242  shows  one  of  these  fields  ready*to  be  bolted  in 
place. 

Bearings.  Should  be  large ;  four  to  six  times  as  long 
as  the  diameter  of  the  shaft  they  support,  on  account  of 
the  high  speed.    They  are  usually  of  the  self-oiling  type. 

If  there  are  collars  on  the  shaft  they  should  be  ar- 
ranged to  allow  the  shaft  to  float,  i.  e.,  to  move  to  and  fro 
about  1/16  to  Ys  of  an  inch  so  as  to  distribute  the  oil  in 
the  bearings,  and  to  wear  the  commutator  evenly.  If  there 
were  no  float,  the  brushes  always  touching  on  the  same 
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line  around  the  commutator,  would  wear  grooves  in  the 
bars. 

Rotary  converters  will  not  float  of  their  own  accord,  so 
a  magnetic  or  mechanical  device  is  installed  at  one  end 
of  the  shaft  to  compel  a  regular  and  even  float. 

At  other  end  of  shaft  is  often  installed  an  **over 
speed"  device  to  shut  down  power  in  case  rotary  ** races." 


Fig.   241.     Ring  Yoke  with  Field  Coils  in  place. 


Shafts  are  made  thicker  under  the  armature  core  than 
in  the  bearings ;  for  the  stress  is  greater  out  between  the 
bearings,  since  the  load  acts  with  a  lever  arm. 

They  are  made  larger  than  in  ordinary  machinery  be- 
cause there  is  frequently  a  magnetic  side  pull  due  to 
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unequal  strength  of  the  field  magnets,  or  the  polar  bore 
being  eccentric  with  the  shaft. 

It  is  almost  impossible  to  pull  an  armature  out  of  the 
fields  while  current  is  passing,  through  the  field  coils. 

Core.  The  sheet  iron  body  upon  which  the  armature 
winding  is  placed. 

Fig.  243  shows  a  toothed  core  into  whose  slots  the 
armature  winding  is  laid.  The  core  is  held  firmly  be- 
tween two  end  plates,  by  bolts  passing  through  tubes  of 
insulation  (usually  fibre). 


Fig.  242.     Field  Coil  of  Fig.  241  ready  to  be  bolted  Into  place. 

Generally  the  armature  core  is  held  by  a  spider,  whos^ 
hub  Is  turned  and  keywayed  to  receive  the  commutator 
hub.  The  spider  hub  is  also  bored,  reamed  and  key- 
wayed so  as  to  form  a  sleeve  or  quill,  which  is  slipped  on 
the  main  shaft.  In  this  case  the  complete  armature  may 
be  removed  for  repairs  without  disturbing  the  commu- 
tator leads  or  getting  core  and  commutator  out  of  align- 
ment. 

Fig.  243  shows  this  construction. 
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Hysteresis,  When  the  iron  core  revolves  it  passes  in 
succession  under  N-  and  S-poles  and  so  the  magnetism  of 
the  core  is  reversed. 

All  iron,  no  matter  how  soft,  holds  some  residual  tnag^ 
netism.  This  '* hanging  on"  of  the  magnetism  is  called 
hysteresis. 


Pig.   243.     Armature  Spider  and  Toothed  Core. 


Before  the  magnetism  in  the  core  can  be  reversed,  the 
residual  magnetism  must  be  wiped  out.  It  takes  about 
IM2  P^r  cent,  of  the  total  power  of  a  generator  to  do 
this  work.  This  inevitable  loss  is  made  as  low  as  possible 
by  the  use  of  a  small  quantity  of  the  softest  iron,  worked 
at  a  low  magnetic  density.  Increasing  the  quantity  of 
magnetism  per  square  inch,  the  speed  of  the  machine,  or 
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the  pounds  of  iron  in  the  core  all  increase  the  loss  due 
to  hysteresis. 

Eddy  currents,  (sometimes  called  Foucault  currents.) 
There  must  be  E.M.F.  induced  in  the  iron  of  the  core, 
just  the  same  as  in  the  copper  on  the  core.  Were  it  not 
that  the  core  is  in  sheets  placed  parallel  to  the  flux,  there 
would  be  a  great  waste  of  power  sending  current  through 
a  short  thick  body  of  iron.     (Hence  of  low  resistance.) 


Fig.  244.     Effect  of  Solid  and  Sheet  Iron  Construction  on  Eddy  Currents. 

The  insulation  of  rust,  etc.,  between  the  sheets  forms  a 
series  of  short,  very  thin,  conductors,  which  are  of  high 
resistance,  and  hence  the  eddy  currents  are  small.  An 
increase  of  speed  makes  a  great  increase  in  the  eddy  cur- 
rents. The  usual  loss  due  to  them  is  about  li/^  per  cent 
of  the  total  power  generated. 

Fig.  244  shows  how  the  paths  for  eddy  currents  are 
made  long  and  narrow  by  using  sheet  iron. 
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ARMATURE  WINDINGS. 


Ring.  These  windings  are  very  simple  to  calculate 
but  hard  to  place  on  the  core.  The  method  of  winding 
is  shown  in  Fig.  245. 


Pig.  245.     Ring  Winding. 


Pig.   246.     Formed  Armature  Coll. 

Drum.  The  double  cotton  covered  wires  are  bent  into 
shape,  insulated  with  linen  tape,  baked  and  shellac  var- 
nished.    A  number  of  these  formed  coUs  (Fig.  246)  are 
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placed  in  the  slots  (Fig.  243)  on  the  outer  surface  of  the 
core  (Fig.  247,  also  Fig.  248)  and  their  ends  soldered  to 
the  commutator  bar  lugs  (Fig.  249). 


a 


a 


Each  slot  contiiins  two  inductors.  One  side  of  a  coil 
is  in  the  bottom  of  a  slot  under  a  N-pole,  and  the  other 
side  in  the  top  of  a  slot  under  a  S-pole.  This  same  slot 
has  in  its  bottom  a  second  coil,  the  outer  side  of  which 
is  in  the  top  of  a  slot  under  a  N-pole.  The  first  mentioned 
coil  has  its  two  ends  connected  to  any  two  adjacent  com- 
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mutator  bars,  and  the  second  coil  is  connected  in  the 
same  manner  to  two  bars  on  opposite  side  of  commutator. 

Commutators.  The  peculiar  shape  of  the  bar  (Fig. 
250)  makes  it  possible  by  the  corresponding  shape  of  the 
hub  and  washer  to  draw  bar  and  insulation  (mica) 
together  tightly,  both  sidewise,  endwise,  and  downwards, 
locking  them  absolutely  in  place  by  a  nut  bearing  against 
the  washer. 

The  hub  is  sometimes  keyed  to  the  shaft.  This  gives 
a  chance  to  remove  the  commutator  for  repairs,  by  un- 
soldering the  leads  from  armature  winding. 


^-^ 


Fig.  249.     Armature  Winding  connected  to  (Commutator. 


A  complete  armature,  i.  e.,  wound  core  and  commu- 
tator, is  shown  in  Fig.  251  on  a  quill  ready  to  be  put 
on  axle  or  shaft. 

The  golden  copper  color  of  a  new  commutator  soon 
changes  to  a  uniformly  rich  dark  mahogany  brown,  and 
its  surface  acquires  a  polish.  The  degree  of  the  polish 
and  uniformity  of  the  color  are  indications  of  the  suc- 
cess of  operarion.    Any  blackening  of  the  bars  or  rough- 
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ness  of  surface  shows  defects  in  machine  or  manner  of 
operating. 

Brushes  of  copper  or  brass  in  the  form  of  sheets  or 
folded  gauze  were  formerly  much  used.  In  the  modern 
machines  with  the  losses  reduced  by  clever  designing, 
more  current  is  drawn,  a  higher  voltage  generated,  and 
larger  pole  pieces  used  on  the  same  sized  armature. 

The  tendency  of  the  brushes  to  spark  is  thereby  in- 
creased, and  to  offset  this  high  resistance  carbon  brushes 
must  be  used.  Hence  the  use  of  carbon  brushes  is  univer- 
sal. Where  the  tendency  to  spark  is  not  so  great  graphite 
brushes  are  used. 


Fig.   251.     Complete  Armature. 

For  mechanical  reasons  copper  rubbingt  on  copper 
wears  worse  than  carbon  on  copper.  The  abrasion  be- 
tween two  surfaces  of  same  material  is  generally  worse 
than  two  different  ones. 

Dynamo  brushes  sometimes  set  at  a  slight  angle  from 
being  perpendicular  to  the  commutator,  as  they  always 
revolve  in  the  same  direction. 

For  a  motor  the  brushes  are  set  radially  against  the 
commutator,  for  otherwise  it  could  not  be  reversed  with- 
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out  danger  of  breaking  the  brushes.  They  are  pressed 
against  the  bars  at  about  1^  lb.  per  square  inch. 

SuflScient  area  of  carbon  must  be  actually  touching  the 
commutator  to  collect  the  current  at  a  density  of  30  to 
40  amperes  per  square  inch. 

This  total  area  is  divided  up  into  small  blocks  about 
11/^x2  or  3  inches,  and  each  has  its  own  spring.  This 
insures  that  at  all  times  all  of  the  brush  surface  is  in 
contact  with  the  commutator. 


Fig.  252.     Brush  Holder. 

Brush  holders.  The  holders  must  clamp  the  brushes 
securely,  and  press  them  straight  against  the  commuta- 
tor, as  in  Fig.  252.  There  must  be  sufficient  area  of  con- 
tact between  holder  and  brush,  with  good  pressure  so 
that  the  current  may  pass  from  brush  to  holder  without 
producing  a  great  C.  R.  loss. 

The  springs  maintaining  the  pressure  of  the  brush 
against  the  bars  should  not  carry  current,  as  they  might 
heat  and  have  their  elasticity  destroyed. 

The  current  carrying  capacity  of  the  brush  holders  is 
often  supplemented  by  stranded  or  braided  conductors 
of  copper,  running  from  the  brushes  back  to  the  brush 
holder  cables.    These  are  called  ** pigtails." 
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A  set  of  brush  holders  is  mounted  on  a  brush  holder 
arm  or  stud. 

The  brush  holders  on  opposite  sides  of  the  commuta- 
tor are  not  in  the  same  plane,  but  by  having  one  stud 
a  little  shorter  than  the  other  the  brushes  are  staggered. 


Fig.  253.     Complete  Brush  Rigging  on  a  D.  C.  Generator. 


There  is  then  no  part  of  the  commutator  not  worn 
by  the  brushes,  and  this  together  with  the  float  of  the 
shaft,  keeps  the  commutator  a  perfectly  smooth  cylinder 
of  slowly  decreasing  diameter  as  it  wears. 

An  oval,  barrel,  or  spool-shaped  commutator  due  to 
improper  wear  must  be  swung  in  a  lathe  and  light  cuts 
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taken  until  it  is  again  of  the  correct  shape.     This  is 
called  turning  down. 

The  brush  holder  studs  project  from  a  ring  which 
slides  in  grooved  arms  supported  by  the  bearing  pedestal 


or  by  the  field  frame.  They  can  thus  be  moved  simul- 
taneously and  set  into  the  position  of  7io,  or  minimum 
sparking  for  full  load,  then  locked  in  place.  See  Fig.  253. 
On  railway  motors  each  holder  stud  is  often  clamped 
temporarily  to  the  field  frame,  or  transoms  of  truck  until 
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the  correct  position  is  obtained,  when  they  are  bolted 
permanently  directly  against  frame  or  transom. 

The  ability  to  change  their  position  simultaneously  is 
thus  lost,  but  simplicity,  and  reduction  of  number  of  parts 
and  weight  is  obtained. 


Fig.  255.     Brush  Holder  on  a  R.  R.  Motor. 


Fig.   266.     Set  of  Brush  Holders  and  Collecting  Cables. 

Figs.  254  and  255  show  brush  holders  of  railway  mo- 
tors. 

In  Fig.  256  is  shown  an  arrangement  similar  to  Fig. 
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253.  It  is  for  a  smaller  dynamo  and  has  no  hand  wheel 
to  set  brushes,  but  merely  a  set  screw  clamp  shown  on 
left  side. 

Field  coils.  The  spools  in  which  these  coils  are  wound 
are  made  of  brass  or  bronze,  which  being  non-magnetic 
does  not  cause  any  leakage  through  its  flanges. 

Copper  strip  or  ribbon  is  used  on  railway  motors  and 
fuller  board  or  card  board  insulation  between  turns.  Fig. 
239. 

To  prevent  injury  to  the  windings  they  are  usually 
wound  with  a  layer  of  cord  or  tape.    Fig.  257. 


Fig.  257.     Field  Ck)ils  taped  ready  to  place  on  Magnet  Cores. 

Fig.  258  is  a  railway  motor  field  coil  wound  of  strip 
copper  and  protected  by  a  layer  of  cord.  In  motors 
where  the  field  frame  is  not  a  shell,  completely  enclosing 
the  field  and  armature,  protection  is  furnished  to  the 
coils  by  brass  shells.  These  are  riveted  to  the  flanges  of 
the  field  spool. 

In  the  New  York  Central  loco^notive  two  hand  holes 


THE  DYNAMO 


565 


are  left,  one  containing  the  two  terminals  of  the  coil. 
Into  these  holes  are  poured  a  hot  bituminous  insulating 
compound,  and  when  cool  the  covers  are  screwed  on. 

From  transom  to  transom  under  the  armature  is  hung 
a  curved  piece  6i  brass  to  protect  it  from  flying  stones 
and  pieces  of  iron.  Being  perforated  with  5/16  holes  it 
does  not  interfere  with  the  passage  of  air  to  cool  the 
armature. 


Pig.  258.     Field  Coil  Wound  with  Strip  Copper  Insulated  with  Asbestos. 


Rheostat.  In  a  dynamo  an  extra  resistance,  the  value 
of  which  is  about  25  per  cent,  of  that  of  the  fields,  is 
placed  in  series  with  them,  and  by  cutting  more  or  less 
of  this  field  rheostat  in  or  out  of  the  circuit,  the  field 
current  is  strengthened  and  weakened,  and  the  voltage  of 
the  generator  increased,  or  diminished. 

At  least  part  of  this  resistance  is  always  in  circuit,  and 
it  is  so  designed  as  to  size  of  wire  and  ventilation  as  to 
do  this  and  not  overheat 

Fig.  259  shows  a  rheostat  for  a  railway  generator. 
The  handle  projects  through  the  switchboard,  while  the 
resistances  made  of  cast  iron  are  behind  the  panel.  In 
Fig.  260  is  shown  the  operation  of  such  a  rheostat.    The 
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Fig.   259.     FieM  Rheostot  for  Railway  Oeiierator. 


Fig.  260.     Diagram  of  Field  RheosUt. 
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cttfrent  enters  at  1  and  goes  through  half  of  the  resist- 
ance and  out  at  2.  The  amount  of  resistance  in  circuit  is 
thus  regulated  by  position  of  handle. 

ALTERNATORS. 

The  mayi  difference  already  noticed  between  the  D.  C. 
generator  and  the  A.  C.  generator,  called  for  shortness' 
sake  an  alternator,  is  that  one  has  a  commutator,  and  the 
other  a  collector. 


Fig.  261.     Revol-ving  Field  of  Alternator. 

There  are,  however,  differences  in  construction  which 
must  be  noticed. 

The  highest  voltage  for  which  D.  C.  generators  are 
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wound  is  1,200,  this  being  the  lowest  voltage  for  which 
alternators  are  wound,  while  for  railroad  work  11,000 
is  the  usual,  and  22,000  not  uncommon. 

This  makes  the  problem  of  proper  insulation  for  A.  C. 
armatures  more  difficult.     To  make  the  work  easier,  in- 


Fig.   262.     stationary   Armature  of   Alternator. 


stead  of  having  the  field  stationary,  and  armature  revolve 
as  in  most  D.  C.  generators,  in  alternators  the  field  re- 
volves and  the  armature  is  stationary. 

The  field  is  fed  with  D.  C.  at  250  volts  pressure  and  is 
easy  to  insulate,  even  though  subjected  to  the  mechanical 
strains  of  rapid  motion  and  the  lack  of  plenty  of  space. 
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The  armature  being  stationary,  there  are  no  mechanical 
strains,  also  weight  being  no  objection  plenty  of  space 
can  be  given  to  insulation. 

This  type  of  construction  is  shown  in  Fig.  261  and  262. 
Fig.  261  shows  a  revolving  field  of  18  pairs  of  poles  or 
36  poles.  Current  is  led  in  through  a  collector.  This 
field  revolves  inside  of  the  stationary  armature  (Fig.  262) 
whose  windings  are  fully  exposed  to  the  cooling  effect  of 
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Pig.   263.     Method  of  Ventilating  Alternator  wit'j   Revolving  Field   and 
stationary  Armature. 


the  air.  This  armature  needs  no  collector,  for  the  termi- 
nals of  the  winding  are  attached  to  leads  which  come  oat 
of  the  base  at  one  side. 

Ventilation  of  the  field  and  armature  is  accomplished 
by  means  of  air  ducts,  as  is  well  shown  in  Fig.  263. 

The  magnetism  in  all  armatures  fluctuates  and  reverses 
in  polarity  as  it  passes,  or  is  passed  by  the  poles ;  but  in 
alternators  these  reversals  of  magnetic  polarity  are  much 
more  rapid  than  in  D.  C.  machines. 
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To  prevent  the  waste  of  power  necessary  to  magnetize 
and  demagnetize  solid  iron  at  such  a  rapid  rate,  not  only 
is  the  armature  iron  laminated  but  the  magnet  cores  also. 

Fig.  264  shows  such  a  magnet  core  and  Fig.  265  shows 
the  way  these  cores  are  attached  to  the  magnet  frame  or 
yoke. 


Fig.  264.     Pole  Piece  and  Core  of  Laminated  Construction. 


THE  ETSCITER. 

To  furnish  the  field  current  for  all  the  alternators  of  a 
station  two  small  D.  C.  generators  are  used,  one  being 
run  while  the  other  is  being  cleaned,  or  held  in  reserve. 

When  storage  batteries  are  in  a  station  it  is  often  the 
custom  to  make  each  exciter  of  such  a  size  as  to  carry 
continuously  three-quarters  of  the  field  load. 

When  a  station  is  fully  loaded,  i.  e.,  all  alternators  run- 
ning, both  exciters  are  run,  and  when  the  load  is  light 
one  exciter  is  shut  down.  In  cases  of  exciter  trouble 
the  storage  battery  furnishes  the  field  current. 


THE  DYNAMO 


571 


Pig.  2^.     Attaching;  Cores  to  Yoke. 


SINGLE  PHASE. 


The  field  coils  occupy  about  50%  of  the  surface  of  the 
field  bore,  because  when  their  inner  edges  are  tight  to- 
gether their  outer  edges  are  apart,  due  to  the  larger  cir- 
cumference at  the  pole  pieces,  and  because  some  inter- 
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polar  space  must  be  left  to  prevent  excessive  leakage 
from  pole  to  pole. 

Only  50%  of  the  armature  bore  is  wound,  for  other- 
wise the  coils  would  be  so  wide  that  they  would  extend 
over  into  the  field  of  a  wrong  pole  piece.  If  one  side  of 
a  coil  is  under  a  N-pole  the  other  side  should  be  under  a 
S-pole.  Then  the  two  E.M.F.'s  induced,  add  together. 
Should  the  coil  be  so  wide  as  to  extend  over  to  the  next 
N-pole  any  E.M.F.  induced  by  that  pole  would  be  sub- 
tracted. 

There  is  then  on  the  ordinary  alternator  half  of  the 
armature  empty.  Such  a  machine  is  called  a  Single 
Phase  Alternator. 


TWO   AND   THKEE   PHASE. 

It  occurred  to  some  invenitor  that  an  entirely  separate 
winding  could  be  put  on  between  the  coils  of  the  original 
winding  and  be  connected  to  its  own  collector.  The  cur- 
rent was  to  be  led  to  a  different  circuit,  but  it  soon  be- 
came evident  that  it  was  better  to  make  of  the  four  wires 
from  the  alternator,  a  three-wire  circuit  by  joining  two 
of  them  inside  the  armature  and  leading  out  three  wires 
to  the  switchboard.  Such  an  alternator  is  a  Two  Phase 
Alternator. 

Of  course  the  capacity  of  the  machine  is  not  doubled, 
because  from  a  single  phase  alternator  is  drawn  enough 
current  to  heat  it  to  the  safe  limit.  From  a  two  phase 
alternator  we  do  the  same  thing.  The  reason  we  gain  in 
capacity  is  because  in  a  single  phase  machine  the  heating 
is  concentrated,  while  in  the  two  phase  machine  it  is 
evenly  distributed  all  over  the  armature. 
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Even  in  a  two  phase  alternator  there  is  a  portion  of 
the  armature  not  used  for  winding  and  there  was  still  a 
desire  to  reduce  the  number  of  line  wires.  This  led  to 
the  Three  Phase  Alternator. 


Fig.   266.     3  Phase  T  Oonnfiction. 

The  three  armature  windings  of  the  alternator  are  con- 
nected together  at  one  point,  and  the  other  ends  to  the 
three  collector  rings,  or  the  three  windings  are  connected 
in  series  and  the  three  points  where  they  are  joined  are 
connected  to  the  three  collector  rings. 


Fig.  267.     3  Phase  Delta  Connection. 

The  former  winding  is  called  a  Y  winding  and  is  shown 
in  Fig.  266.  The  latter  is  a  A  (Delta)  winding  and  is 
shown  in  Pig.  267.  The  European  names  are  respectively 
Star  and  Mesh  windings. 

The  three  wires  of  a  three  phase  system  each  act  as  a 
main  wire,  and  a  return  wire  for  one  of  the  others  at  the 
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same  time.  The  actual  current  in  the  wire  is  the  diflfer- 
ence  of  the  two  currents:  in  and  outgoing. 

If  the  same  three  phase  armature  is  connected  first  as 
a  T  and  then  as  a  A  winding  these  differences  will  be 
noticed. 

The  Y  armature  will  give  the  higher  voltage  and  have 
less  current  capacity.  The  A  will  give  a  lower  voltage 
and  have  greater  current  capacity.  Power  that  can  be 
drawn  from  each  is  the  same. 

Transformers  and  other  apparatus  are  wound  two,  and 
three  phase,  and  also  Y  and  A,  for  use  with  the  cor- 
respondingly wound  alternator. 

By  a  peculiar  connection  of  coils  rotary  converters  are 
wound  for  six  phase  currents ;  it  having  been  discovered 
that  it  is  possible  to  do  so  with  the  result  of  increased 
output  for  a  given  sized  machine. 

Two,  three  and  six  phase  machinery  is  often  grouped 
under  name  of  polyphase. 


RAILWAY  GENERATORS. 

Undoubtedly  the  feature  of  greatest  importance  in  all 
railway  generators  is  reliability  of  operation.  On  account 
of  the  enormous  fluctuations  in  the  load  thrown  upon  a 
railway  generating  plant,  the  generators  must  be  capable 
of  carrying  great  overloads,  at  least  for  short  periods, 
without  injury  either  from  heating,  or  from  sparking. 
In  order  to  give  the  student  an  idea  of  the  construction 
and  operation  of  the  various  types  of  modern  railway 
generators,  a  short  space  will  be  devoted  to  descriptions 
and  illustrations  of  a  few  of  these  machines. 

The  question  of  whether  a  direct-connected  or  belted 
generator  shall  be  used  depends  upon  the  particular  re- 
quirements of  the  plant  for  which  it  is  intended.  To  meet 
these  various  demands  the  leading  manufacturing  con- 
cerns build  generators  adapted  to  the  service,  as  for  in- 
stance, AUis-Chalmers  Company  produce  three  separate 
types  of  machines,  known  as  **H,''  **HI,"  and  ''1.'^ 
The  two  former  are  usually  belted,  although  well  adapted 
for  direct  connection  to  alternating-current  motors  sup- 
plied by  high  tension  transmission  systems;  the  last 
named  type  is  built  for  mounting  directly  on  the  engine 
shaft.  Following  is  a  brief  description,  with  illustrations 
of  the  most  important  features  of  these  machines: 

Frame.  The  field  frame  is  a  circular  casting  usually 
made  of  cast  iron,  of  elliptical  cross-section.  This  yoke 
is  divided  horizontally  in  a  plane  passing  through  the 
shaft.  The  two  parts  are  held  together  by  cap  screws 
whose  heads  are  set  in  pockets  covered  by  the  name  plates. 
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The  inside  of  the  yoke  is  bored  concentric  with  the  arma- 
ture shaft  and  to  this  finished  surface  the  poles  are 
bolted  by  cap  screws,  whose  heads  are  countersunk  flush 
with  the  external  surface  of  the  yoke. 

Poles.  As  a  rule  the  poles  are  built  up  of  punched 
steel  laminations,  alternate  laminations  being  reversed, 
.so  as  to  form  a  pole  of  the  form  shown  in  Fig.  269.  This 
form  of  construction  practically  eliminates  the  eddy  cur- 
rents that  would  be  produced  in  solid  pole  faces  if  wide 
open  slots  and  short  air-gaps  were  used.  In  a  few  units, 
it  has  been  found  expedient  to  use  round  cast  steel  poles, 


Fig.   269. 


which  have  usually  been  provided  with  laminated  steel 
pole-faces.  The  field  coils,  after  being  wound  in  forms 
which  match  the  poles,  are  carefully  and  thoroughly  in- 
sulated, the  shunt  and  the  series  coils  being  made  up 
separately.  The  shape  of  the  poles  is  such  as  to  hold  the 
field  coils  firmly  in  place,  the  series  coil  being  usually 
placed  nearest  the  armature.  As  the  poles  are  held  in 
place  by  cap  screws,  it  is  possible  to  remove  them  to  re- 
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pair  either  a  field  coil  or  an  armature  coil,  without  dis- 
turbing the  rest  of  the  machine. 

Armature,  The  armature  core  is  built  up  of  punched 
steel  laminations  mounted  on  a  cast  metal  spider.  In  the 
larger  sizes,  the  rings  are  made  up  of  segments  which 


Fig.  270.    Armature  Core  and  Commutator  with  Temporary  Shaft. 

are  built  up  on  the  spider  in  such  a  way  as  to  obtain  the 
greatest  possible  strength.  The  armature  construction  is 
very  open  and  ample  air  passages  are  provided  through- 
out the  core  to  insure  thorough  ventilation.  See  Fig. 
270.  Thus  the  heat  in  the  armature  is  dissipated  as  fast 
as  generated,  permitting  heavy  overloads  to  be  carried 
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without  dangerous  heating.  The  armature  coils  of  all 
railway  generators  are  made  of  rolled  copper  strip  bent 
into  shape  in  such  a  way  as  to  be  interchangeable  on  the 
same  armature.  The  several  conductors  that  are  to  go 
into  the  same  slot,  after  being  insulated  individually 


Fig.  271.     Annature  Colls  for  Multiple  WindlDg.  Types   "H"  and  "HI" 
Oenerators. 

with  linen  tape,  are  placed  together  and  have  the  neces- 
sary insulation  wrapped  around  them  as  a  group.  This 
insulation  is  pressed  into  shape  in  a  steam  heated  coil 
press,  after  which  it  is  cooled  while  in  the  press  and  the 
group  of  conductors  is  then  ready  to  be  placed  in  the 
armature  slot.    Figs.  271  and  272  show  armature  coils  of 
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this  kind  ready  for  use.  The  armature  coils  are  held  in 
the  slots  by  wooden  wedges  fitted  into  grooves  near  the 
top  of  the  armature  as  shown  in  Fig.  273.  At  each  end 
outside  of  the  magnetic  field,  the  armature  coils  are  held 
down  tightly  by  steel  wire  bands. 


Pig.   272.     Armature   Coils  for   Series  Winding   of  Types   **H"   and   "HI*' 
Crenerators. 

Commutator.  The  commutator  segments  are  made  of 
hard  drawn  copper,  tapered  to  the  required  dimensions 
in  the  drawing  process.  The  segments  are  insulated  from 
each  other  by  mica  insulation  approximately  .040"  thick 
and  are  insulated  from  the  clamping  ring  and  sleeve  by 
mica  insulation  .1"  thick.  Whenever  it  is  practical  to 
do  so,  the  connecting  pieces  between  the  commutator  seg- 
ments and  the  armature  conductors  are  made  of  thin 
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strips  of  rolled  copper  fastened  to  the  segment.  These 
open  necks  serve  to  blow  air  drawn  from  the  inside  of  the 
armature  over  the  face  of  the  commutator  and  keep  down 
its  temperature. 

Brushliolders.  The  brushholders  are  of  the  reaction 
type  having  an  adjustable  spiral  spring.  The  brush  is 
held  to  the  holder  in  such  a  manner  that  it  may  move 


Pig.  273. 


freely  parallel  to  the  face  of  the  holder,  but  it  cannot  get 
away  from  the  brushholder  even  though  the  tension  finger 
is  raised,  until  it  has  been  lifted  clear  of  the  holder. 
With  this  form  of  brushholder,  the  brush  follows  most 
easily  any  irregularities  there  may  be  in  the  commutator, 
because  the  inertia  of  the  moving  parts  is  reduced  to  a 
minimum;  only  the  brush  and  the  tension  finger  move; 
the  brushholder  itself  is  stationary. 

Brush  oscillator.     The  effect  of  the  lengthwise  motion 
of  belted  armatures  in  producing  highly-polished  com- 
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mutators  is  well  known,  and  manufacturers  of  belted 
machines  take  every  precaution  to  secure  this  advantage. 
With  generators  direct  connected  to  the  engine  shafts 
however,  the  case  is  different,  and  as  it  is  impossible  in 


such  machines  to  move  the  armature  lengthwise,  it  be- 
comes necessary  to  move  the  brushes  and  brushholders 
back  and  forth  in  order  to  keep  an  evenly  polished  com- 
mutator surface.     On   the  AUis-Chalmers   direct  coq- 
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tiected  machines  the  brush  oscillator  is  constructed  as 
follows,  referring  to  Fig.  274:  The  yoke  which  carries 
the  brushes  and  brushholders  is  an  iron  casting  of  cir- 
cular form  supported  by  three  or  more  cast-iron  rollers 
fastened  to  the  field  frame.  These  rollers  are  moved  back 
and  forth  approximately  %"  by  means  of  internal  cams, 
which  are  driven  through  suitable  gearing  by  a  belt  run< 
ning  over  the  engine  shaft  at  the  back  end  of  the  arma- 
ture. By  the  use  of  this  ingenious  mechanism  the  brushes 
are  moved  slowly  across  the  face  of  the  commutator,  ef- 
fectually preventing  the  cutting  of  grooves.  This  device 
is  provided  with  all  engine  type  generators  having  arma- 
tures forty-five  inches  in  diameter  or  larger. 


COMMUTATING-POLE   GENERATORS,    BOSTON    ELEVATED   RAIL- 
WAY. 

Among  the  comparatively  recent  improvements  made 
in  the  design  of  direct-current  machines,  probably  none 
has  done  more  to  mark  a  distinct  advance  in  the  art  than 
the  employment  of  commutating  poles.  While  commu- 
tating-pole  machines  of  moderate  capacity  have  been  in 
successful  operation  for  some  time  past,  it  is  only  re- 
cently that  this  feature  has  been  applied  to  large  direct- 
connected  engine-driven  generators  operating  under  the 
severe  service  conditions  generally  met  with  in  street  rail- 
way work.  Fig.  275  shows  one  of  two  2,700-kw.  com- 
mutating-pole  railway  generators  recently  installed  in  the 
Charlestown  and  Harvard  Power  Stations  of  the  Boston 
Elevated  Railway  Company  by  the  Greneral  Electric  Com- 
pany and  presents  some  interesting  features  in  connec- 
tion with  the  design,  installation  and  operation  of  this 
type  of  railway  generator.     The  following  description, 
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together  with  the  illustration,  are  taken  from  the  Street 
Railway  Review  of  February,  1908:  Both  machines  are 
direct  connected  to  Mcintosh  &  Seymour  4,100-hp.  ver- 
tical cross-compound  engines.  They  are  designed  for  575 
volts  at  a  speed  of  90  revolutions  per  minute,  but  are 
capable  of  wide  voltage  range  at  all  loads,  and  at  the 
voltage  for  which  they  are  designed  are  guaranteed  to 
deliver  2,700  kw.  continuously  with  a  temperature  rise 
not  to  exceed  35  degrees  C.  in  any  part  above  the  sur- 
rounding air,  also  .50  per  cent  overload  or  4,050  kw.  for 
two  hours  following  the  normal  run,  the  temperature  rise 
not  to  exceed  5  degrees  C,  and  to  withstand  a  Momen- 
tary overload  of  100  per  cent  or  5,400  kw.  without 
injury. 

No  change  whatever  in  the  brush  setting  has  to  be 
made  from  no  load  to  momentary  overload  condition  of 
100  per  cent,  and  the  circuit  breaker  can  be  tripped  under 
any  condition  of  load  between  these  limits  without  appre- 
ciable disturbance  at  the  brushes.  In  fact,  the  provision 
for  shifting  brushes  is  almost  superfluous  on  this  type  of 
machine,  as  with  the  brushes  once  adjusted  for  best  com- 
mutation it  is  never  necessary  to  alter  their  position, 
sparkless  commutation  being  assured  under  all  conditions 
of  load.  Moreover,  the  machines  may  be  successfully  run 
in  parallel  with  other  machines  of  the  non-comrautating 
pole  type,  no  trouble  whatever  being  experienced  in  par- 
alleling the  machines  with  others  in  the  Boston  stations. 

The  magnet  frame  is  of  cast  iron,  rectangular  in  shape, 
made  in  six  sections  securely  bolted  together  and  of  the 
box  section  type,  forming  a  most  rigid  structure  for  sup- 
porting the  numerous  poles  with  their  heavy  field  coils. 
The  main  poles  are  rectangular  cast  steel,  with  laminated 
pole-faces,   and   the   commutating  poles   are  laminated 
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throughout.  Field  coils  are  compound-wound  and  of  the 
well-known  G.  E.  ventilated  type. 

The  armature  core,  formed  of  steel  punchings,  is  rig- 
idly held  to  a  cast-iron  spider  of  substantial  proportions 
by  means  of  numerous  dovetails.  Effective  cooling  of  the 
armature  is  procured-  by  numerous  ventilating  ducts 
throughout  the  core,  and  also  by  a  novel  construction  of 
the  end  flanges  which  allows  the  end  conductors  to  be 
well  separated,  and  permits  a  free  and  natural  flow  of 
air  between  them.  The  armature  winding  is  of  the  mul- 
tiple drum  type,  composed  of  formed  coils  of  bar  copper, 
and  interchangeable  on  the  same  armature.  The  coils 
are  held  in  the  slots  by  tough  wooden  wedges  and  the 
end-windings  are  kept  in  position  by  patented  sectional 
binding  bands,  easily  removed  or  replaced. 

The  commutator  bars  are  of  hard-drawn  copper  of 
such  dimensions  as  to  provide  ample  wearing  depth  and 
liberal  creepage  distances.  The  spider,  made  of  cast  iron, 
is  rigidly  bolted  to  the  armature  spider  and  the  clamping 
rings  are  of  the  best  cast  steel.  An  interesting  feature 
of  the  commutator  construction  is  the  precaution  taken  to 
prevent  a  possible  short  circuit  from  studs  or  bars  to 
clamping  rings.  Where  the  clamping  rings  extend  be- 
yond the  commutator  bars,  they  are  thoroughly  insulated 
with  mica  and  in  addition,  extra  insulation  is  molded  over 
the  extreme  edge  of  ring  and  carried  well  down  under- 
neath, where  it  is  securely  fastened,  thus  making  it  almost 
impossible  for  grounding  at  this  point. 

The  brush  rigging  is  of  the  latest  type,  employing  cast 
brackets  of  substantial  dimensions  to  which  the  individual 
brushholders  are  bolted.  The  resulting  construction  is 
strong,  rigid  and  entirely  free  from  movement  or  vibra- 
tion, thus  obviating  the  necessity  of  employing  support- 
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ing  tie-rings  passing  from  stud  to  stud.  Alternate  sets 
of  brushes  are  so  placed  on  the  stud  brackets  that  they 
are  staggered  around  the  commutator.  By  this  means  the 
brushes  do  not  track,  thus  promoting  even  and  uniform 
wear  of  commutator  without  the  use  of  auxiliary  means 
to  obtain  this  desirable  feature. 


Fig.  276. 


Set  of  6,000  K.  W.  EoRiDe  Alternators,  Interborough  Plant.  New 
Tork.—WefltinghoiiBe  Reyolving  Field  Altematore. 


REVOLVING  FIELD  ALTERNATORS. 


The  use  of  alternating  current  apparatus  is  rapidly 
increasing.  As  a  means  of  transmitting  energy  over  long 
distances  and  distributing  current  through  extensive  dis- 
tricts, the  system  stands  alone.    As  an  economical,  con- 
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venient  and  efficient  method  of  distributing  power  in 
manufacturing  and  industrial  operations,  it  possesses 
many  elements  of  superiority  and  is  rapidly  growing  in 
favor.  The  economies  permitted  by  the  use  of  higher 
voltages,  the  ease  with  which  these  voltages  can  be  trq^- 
formed,  and  the  simplicity,  strength  and  endurance  of  the 
apparatus,  are  features  of  the  system  which  commend 
its  general  adoption. 

Pig.  277  shows  the  field  core  of  a  Westinghouse  revolv- 
ing field  alternator.  Current  is  generated  in. coils  wound 
upon  a  stationary  armature  and  connected  directly  to  tho 
supply  circuit,  without  the  interposition  of  moving  con- 
tacts of  any  kind.  The  absence  of  collector  rings  and 
brushes  in  the  main  circuits  is  particularly  advantageous 
in  machines  of  large  current  capacity  or  high  potential. 
Insulation  can  be  more  readily  applied  to  coils  which  are 
stationary  and  therefore  free  from  centrifugal  strains, 
and  the  revolving  field  construction  permits  more  room 
for  winding  and  insulation  and  produces  a  machine  of 
greater  mechanical  strength. 

The  method  of  construction  of  the  rotating  field  is 
similar  to  that  of  the  armature,  except  that  the  laminsB 
are  dove-tailed  into  a  rotating  spider  instead  of  a  sta- 
tionary frame  (see  Fig.  277).  Ventilating  ducts  are 
provided  in  the  core  of  the  field  which  register  approxi- 
mately with  the  corresponding  ducts  of  the  armature. 

The  field  coils  are  wound  to  slip  over  the  projecting 
poles,  and  are  held  in  position  by  wedges,  which  are 
driven  between  the  poles  in  the  slots  near  the  tips.  These 
wedges  are  made  of  copper  and,  besides  holding  the  coils, 
serve  as  dampers  to  reduce  any  '* hunting"  action  which 
may  be  set  up  between  generators  running  in  parallel,  or 
between  a  generator  and  synchronous  motors,  or  rotary 
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converters  operating  from  its  lines.  These  dampers  are 
sometimes  made  in  the  form  of  a  grid.  The  field  coils  are 
wound  in  molds.  Copper  strap  bent  on  edge  is  used 
whenever  possible.  Square  wire  is  used  for  the  smaller 
sizecl  generators,  and  for  machines  having  bolted  on  poles. 
The  strap  winding  is  insulated  between  turns  with  as- 
bestos strip.  The  wire  coils  are  wound  dry,  and  treated 
with  insulating  varnishes. 


Fig.   277. 


Fig.  262,  on  page  568,  shows  a  view  of  a  stationary 
armature.  The  core  is  formed  by  assembling  dove-tailed 
punchings  of  soft  sheet  steel  within  the  slotted  frame. 
At  suitable  intervals — depending  upon  the  capacity  and 
size  of  the  generator — the  punchings  are  separated  by 
ventilating  plates  which  form  ducts  in  the  core.  The 
punchings  are  slotted  to  receive  the  winding.  The  wind- 
ing of  the  armatures  is  of  the  open  type.  The  coils  are 
formed  in  moulds  on  the  machine,  or  are  separately 
wound,  shoved  through  the  slots  and  afterward  connected 
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— depending  upon  the  voltage  and  current  capacity  of 
the  generator.  The  separate  circuits  of  the  two-phase 
machines  are  normally  insulated,  but  may  be  connected 
within  the  machine.  When  so  inter-connected,  the  volt- 
age across  the  comers  is  .7  of  that  across  each  phase. 

Terminals.  Flexible  leads  are  brought  through  the 
frame  near  the  bottom  and  are  connected  directly  to  the 
line. 

Excitation.  Westinghouse  alternators  are  usually  sep- 
arately excited  at  125  volts;  250  volts  may  be  used  if 
occasion  requires.  The  lower  potential  is  to  be  preferred 
because  it  lends  itself  more  generally  to  the  use  of  the 
strap  wound  field  coil  and  is  more  convenient  for  the 
operation  of  lights  and  auxiliary  apparatus  in  a  station. 
The  exciters  are  standard  d.c.  generators  either  belt 
driven  or  direct  connected  to  engine,  motor,  or  water 
wheel. 

Composite  Winding.  Small  high  speed  a.c.  generators 
are  sometimes  composite  wound,  the  compensation  being 
obtained  by  means  of  series  transformers  connected  in 
the  armature  circuit  and  having  their  secondaries  con- 
nected to  the  separate  field  winding  through  a  rectifying 
commutator  which  is  mounted  on  the  generator  shaft. 

Collectors.  The  collector  rings  of  standard  alternators 
are  built  up  on  separate  spiders  which  are  bolted  to  the 
field  hub.  They  are  of  the  skeleton  or  open  type  to  secure 
a  maximum  ventilation.  The  rings  are  usually  made  of 
cast  iron.  The  brushes  are  of  carbon.  These  collectors 
carry  only  the  low  voltage  direct  current  which  excites 
the  field.    Pig.  278  shows  a  spider  type  collector. 

Commutator.  Composite  wound  generators  are  pro- 
vided with  two-part  commutators  mounted  near  the  col- 
lector rings. 
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Ventilation.  The  losses  which  of  necessity  occur  in 
any  electrical  machine  appear  as  heat,  and  produce  a  rise 
in  temperature  which  continues  until  equalled  by  the  rate 
of  radiation.  The  rate  of  radiation  depends  upon  the 
difference  in  temperature  between  the  generator  and  the 
surrounding  air,  and  on  its  ventilation.  It  follows,  there- 
fore, that,  with  a  given  loss,  good  ventilation  will  decrease 
the  rise  in  temperature. 


Fig.   278. 


In  the  Westinghouse  generators  the  air  is  entrapped  by 
the  ducts  in  the  revolving  field  and  forced  outward  by 
a  centrifugal  fan  action  through  the  corresponding  ducts 
in  the  armature  core  and  escapes  through  the  openings  in 
the  cast  iron  frame.  Ventilators  at  the  end  of  the  revolv- 
ing field  are  often  used  to  force  air  upon  the  overhanging 
ends  of  the  armature  coil  and  thus  cool  the  armature 
winding. 
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Protection  of  alternators  from  overloads.  One  of  the 
most  valuable  characteristics  of  a  well-designed  alternator 
is  its  ability  to  withstand  very  severe  overloads  of  mo- 
mentary duration.  It  is  often  claimed  that  even  on  short 
circuit  a  first-class  alternator  cannot  give  sufficient  cur- 
rent to  cause  it  to  burn  out  within  a  limited  time,  and  it 
is  without  doubt  true  that  the  reactive  drop  in  potential 
on  full  short  circuit  is  so  great  that  the  current  cannot 
under  most  conditions  rise  to  a  destructive  value  as  in- 
stantaneously harmful  to  the  windings  as  would  be  the 
case  with  a  direct-current  constant  potential  generator. 
At  the  same  time,  short  circuits  are  greatly  to  be  feared 
in  alternating  current  plants,  for  the  derangement  of  the 
system  tends  to  upset  the  balancing  of  loads  and  dis- 
tribution of  potential  to  a  serious  extent,  which  may  easily 
interrupt  the  service  if  continued  for  any  length  of  time. 

Modern  switchboard  practice  tends  to  exclude  every 
kind  of  automatic  circuit-opening  device  between  alter- 
nators and  bus-bars.  There  is  little  doubt  that  this  is 
wise,  for  experience  in  the  last  few  years  has  definitely 
shown  that  the  best  place  to  protect  a  group  of  alter- 
nators is  on  the  individual  feeder  or  transmission  cir- 
cuits. A  prominent  New  England  engineer  recently 
stated  that  in  ten  years'  experience  in  several  power 
plants  with  apparatus  and  switchboards  he  had  never 
seen  a  case  wherein  an  automatic  device  between  genera- 
tore  and  bus-bars  would  have  been  of  any  value,  but,  if 
used,  would  have  been  detrimental  to  the  successful  oper- 
ation of  the  plants.  The  best  practice  locates  the  auto- 
matic switches  in  the  feeder  lines,  so  that  a  local  short 
circuit  will  not  trip  alternator  switches,  for  when  sev- 
eral alternators  are  operated  in  parallel,  tripping  a  cir- 
cuit breaker  on  one  tends  to  throw  more  load  on  the  other 
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machines  than  they  can  readily  carry  instantly  with  good 
regulation,  perhaps  shutting  down  the  whole  station. 

If  the  leads  from  the  generators  to  the  switchboard 
are  carefully  inspected  and  tested  before  installation,  ar.d 
run  in  conduit  there  need  be  practically  no  apprehension 
of  trouble  in  this  short  distance.  Probably  99  per  cent 
of  the  electrical  troubles  in  alternating-current  systen^s 
occur  in  the  transmission  or  distributing  equipment,  and 
it  is  a  great  advantage  to  be  able  to  confine  the  fault  to 
the  local  circuit  upon  which  it  occurs,  either  burning  out. 
the  flow  by  the  station  capacity  available  or  shutting 
down  a  single  line  while  repairs  are  made.  Careful  op- 
eration of  a  station  includes  regular  watching  of  the 
machine  ammeters  to  see  that  the  alternators  are  not 
continuously  overloaded.  Bus-bar  short  circuits  are,  of 
course,  not  guarded  against  by  open  circuiting  devices 
in  the  outgoing  lines,  but  these  are  of  such  rare  occur- 
rence that  it  would  not  pay  to  install  automatic  switches 
in  anticipation  of  an  overload  from  such  a  cause.  There 
is  no  question  that  in  an  alternating  plant  it  is  better  in- 
surance to  put  the 'money  which  would  otherwise  be 
spent  in  expensive  automatic  oil  switches  and  auxiliary 
wiring  in  the  generator  leads  into  increased  generating 
capacity. 


QUESTIONS 

286.  What  is  a  dynamo  f 

Ans.    A  dynamo  is  a  machine  for  transforming  m^ 
chanical  energy  into  electrical  energy. 

287.  How  are  dynamos  classified  f 

Ans.     Into  two  grand  divisions,  viz.,  direct  current 
dynaikios  and  alternating  current  dynamos. 

288.  What  is  direct  electrical  current! 
Ans,    A  current  of  unchanging  direction. 

289.  What  is  an  alternating  current  f 

Ans.    A  current  that  reverses  its  direction  of  flow, 
periodically,  from  20  times  and  upward  per  second. 

290.  Name  the  principal  constituent  parts  of  a  dy- 
namo? 

Ans.    The  armature,  the  field,  the  collecting  rings,  or 
commutator,  and  the  brushes. 

291.  How  is  electro  motive  force  or  current  induced 
in  a  dynamo  f 

Ans.    By  rapidly  changing  field  and  armature  re- 
lations by  means  of  mechanical  energy. 

292.  How  is  output  of  dynamo  stated? 

Ans.    In  Kilowatts  equal  to  l,OOOXvoltsXamp€res. 

293.  How  is  output  of  motor  stated? 

Ans.    In  horse  power,  equal  to  Watts  intake-4-'746, 
X  efficiency  expressed  decimally.    (Not  as  a  percentage.) 

294.  What  is  voltage  of  a  dynamo?  of  motor? 
Ans.    It  is  the  pressure  the  generator  or   alternator 

delivers  at  its  own  terminals.  The  voltage  of  motor  is  the 
voltage  which  should  be  applied  to  its  terminals  in  order 
to  develop  full  horse  power. 

594 
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295.  What  is  fiill  load  current  of  dynamo?  of  motor t 
Ans.    Full  load  current  of  a  dynamo  is  that  current 

which  may  be  drawn  steady  for  24  hours  without  causing 
any  part  of  machine  to  exceed  a  safe  temperature,  t.  e., 
150®  Fahr.    This  applies  to  factory  motors. 

Of  a  railway  motor  it  is  the  current  which  passing 
through  motor  for  one  hour  as  it  runs  on  the  blocks  in 
testing  room,  will  cause  it  to  rise  to  a  temperature  of 
212°  Fahr.  We  mean,  of  course,  that  the  hottest  part 
shall  be  no  hotter  than  212°  Fahr. 

296.  What  is  meant  by  the  rating  of  a  dynamo  t  Of 
a  motor  t 

Ans,  The  product  of  full  load  current  multiplied 
by  the  voltage  expressed  in  Kilowatts  is  rating  of  a  dy- 
namo. The  actual  mechanical  horse  power  developed 
at  the  pinion  of  the  motor  as  tested  in  shop.  The  gear- 
ing increases  the  power  applied  to  and  reduces  the 
speed  of  the  car  wheels. 

297.  What  is  the  armature  core  ? 

Ans.  The  sheet  iron  body  which  carries  the  arma- 
ture winding  and  conducts  the  flux  from  pole  piece  to 
pole  piece. 

298.  What  is  the  armature  spider? 

Ans.  The  casting  consisting  of  hub  and  arms  which 
supports  armature  core. 

299.  What  are  binding  wires? 

Ans.  They  are  narrow  bands  of  phosphor  bronze  wire 
placed  around  armature  every  three  or  four  inches  to 
help  bind  winding  to  core.  They  rest  on  strips  of  mica 
and  are  sweated  with  solder  all  around. 

300.  What  are  commutator  segments? 

Ans. '  The  commutator  segments  or  bars  are  the  copper 
pieces  of  which  the  commutator  is  built 
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301.  What  are  commutator  leads? 

Ans.  They  are  the  ends  of  the  armature  winding  ex- 
tending from  core  to  the  lug  of  the  commutator  bar. 

302.  What  are  pole  pieces  ? 

Ans.  The  end  of  magnet  core  nearest  the  armature. 
Usually  larger  than  core. 

303.  What  are  magnet  cores? 
Ans.     The  iron  inside  the  field  coil. 

304.  What  is  the  yoke? 

Ans.  The  part  of  magnetic  circuit  connecting  the 
magnet  cores. 

305.  What  is  the  pitch  of  an  armature  winding? 
Ans,     It  is  the  number  of  teeth  between  the  two  sides 

of  a  formed  coil  plus  one  tooth. 

Example :  The  two  sides  of  a  coil  are  in  slots  number 
3  and  17,  then  pitch  is  14. 

306.  Is  there  insulation  between  winding  and  core? 
Ans,    Yes.    Mica  or  fuller  board;  there  is  also  the 

tape  on  coil. 

307.  What  insulation  is  there  between  conductors  of 
winding? 

Ans,  The  double  cotton  covering  of  each  wire  makes 
four  thicknesses  between  conductors. 

308.  What  is  the  air  gap  ? 

Ans,  It  is  the  air  space  between  armature  and  pole 
pieces.  In  djiiamos  it  is  made  as  small  as  possible  for 
efficiency. 

In  motors  it  is  not  made  too  small  because  this  tends 
to  make  machine  spark  due  to  the  weak  field.  In  D.  C. 
series  motors  it  is  from  %  to  14  of  an  inch,  in  A.  C. 
series  motor  it  is  smaller,  say  1/10  to  %  inch. 

The  larger  the  air  gap  of  a  motor  the  more  the  bear- 
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ings  may  wear  before  there  is  danger  of  armature  rub- 
bing against  lower  pole  pieces. 

309.  What  are  field  spools? 

Ans.  The  brass  shells  on  which  the  field  coils  are 
wound. 

310.  What  is  the  commutator  ? 

Ans,  It  is  a  series  of  copper  bars  placed  parallel  to 
shaft,  insulated  from  each  other  and  from  the  frame  of 
machine.  Each  is  connected  to  the  winding  and  current 
flows  from  w^inding  through  them  to  brushes.  It  at  the 
same  time  reverses  the  connections  between  the  brushes 
and  winding  at  the  proper  times  so  that  the  brush  al- 
ways collects  current. 

311.  What  is  a  collector  or  slip  rings? 

Ans,  A  collector  consists  of  two  or  more  rings  of 
copper  placed  around  the  shaft  and  insulated  from  it, 
and  each  other.  Each  is  connected  to  a  part  of  the 
winding.     The  brushes  rest  on  the  rings. 

They  are  used  to  collect  current  from  a  revolving  arma- 
ture style  of  alternator,  to  feed  current  into  armatures 
of  rotary  converters,  or  the  revolving  fields  of  alterna- 
tors. 

The  collector  has  no  corrective  influence  and  passes 
on  the  A.  C.  or  D.  C.  current  exactly  as  it  receives  it. 

Single  phase  machines  have  two  rings ;  two,  three  and 
six  phase  machines  have  three  rings. 

312.  Is  there  a  difference  between  no  load  and  full 
load  voltage  of  d>'Tiamos  ? 

Ans.  Yes.  A  shunt  dynamo  gives  highest  voltage  at 
no  load  and  lowest  at  overloads ;  the  series  dynamo  gives 
lowest  at  no  load  and  highest  at  full  load.  The  compound 
dynamo  is  a  combination  of  series  and  shunt,  and  gives 
some  voltage  at  all  loads. 
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An  alternator  acts  like  a  shunt  dynamo. 

313.  What  is  a  field  rheostat? 

Ans,  It  is  a  resistance  in  the  field  circuit  which  can 
be  varied  to  change  the  current,  and  hence  the  field 
strength.    This  alters  the  voltage  of  dynamo. 

314.  What  are  commutated  fields? 

Ans.  In  some  motors  the  field  coils  are  arranged  in 
sections  so  that  they  may  be  arranged  in  parallel  or 
series,  or  in  combinations. 

All  coils  in  parallel  give  the  greatest  current  and 
hence  slowest  speed  of  motor ;  all  coils  in  series  give  the 
weakest  field  and  the  fastest  speed. 

315.  What  relation  has  field  strength  to  speed  of 
motor  ? 

Ans,  The  weaker  the  field  the  faster  the  speed,  for 
the  motor  must  revolve  fast  to  generate  its  proper  counter 
E.  M.  P. 

316.  What  relation  has  armature  strength  to  speed 
of  motor? 

Ans.  The  greater  the  armature  current  the  greater 
the  speed. 

317.  What  effect  on  the  power  of  motor  does  field 
and  armature  strength  have  ? 

Ans.  The  greater  the  field  and  armature  current  the 
greater  the  power. 

318.  What  is  a  ring  winding  ? 

Am.  One  which  passes  over  and  under  around  the 
core,  a  space  being  left  between  shaft  and  core  to  accom- 
modate winding. 

319.  What  is  a  drum  winding  ? 

Ans.  One  where  all  winding  is  on  the  outer  surface 
of  core. 
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320.  Upon  what  does  sparkless  commutation  of  cur- 
rent depend? 

Ans,  (1)  The  more  commutator  bars  the  better,  there 
being  less  voltage  and  therefore  tendency  to  spark  be- 
tween bars.  The  average  railway  motor  has  frdm  100 
to  125  bars  on  commutator. 

(2)  The  fewer  the  ampere  turns  oti  the  armature  iil 
comparison  to  the  ampere  turns  on  the  field  the  less  spark- 
ing. 

(3)  The  more  turns  short  circuited  by  the  brush  when 
touching  two  or  more  bars  at  once  the  greater  the  ten- 
dency to  spark. 

321.  What  is  a  shunt  field  t 

Ans.  One  whose  coils  are  placed  as  a  shunt  across  the 
brushes.     It  carries  a  small  current. 

322.  What  is  a  series  field? 

Ans,  One  which  carries  the  main  or  nearly  all  the 
main  current  and  is  placed  in  series  with  the  armature. 
A  small  strip  of  resistance  metal  is  used  sometimes  to 
divert  a  portion  of  the  main  current  from  the  series 
field. 


SWITCHBOAEDS. 

Switchboards  are  made  up  of  panels  of  slate  on  a  frame 
of  angle  iron.  Each  panel  is  designed  for  certain  work 
so  that  a  description  of  the  different  kinds  of  panels  is 
sufficient. 

The  first  board  to  consider  is  the  D.  C.  outgoing  line 
board,  served  from  D.  C.  generators. 

D.    C.    GENERATOR  PANELS. 

Fig.  281  shows  three  generator  panels  each  of  which 
is  regularly  equipped,  from  a  capacity  of  250  to  6,500 
amperes  with ; 

1  Carbon  break  or  magnetic  biow-out  circuit  breaker, 
with  telltale. 

1  Illuminated  dial  ammeter  with  shunt. 

1  Hand  wheel  and  chain  for  operating  rheostat. 

1  Receptacle  for  voltmeter  plug. 

1  S.  P.-S  T.  field  switch.* 

1  S.  P.-S.  T.  main  switch. 

1  Recording  Watt-hour  meter. 

A  rear  view  of  these  panels  is  shown  in  Fig.  282. 

The  best  practice  puts  a  main  switch  at  the  machine 


*S.  T.  means  single  throw. 
D.  T.  means  double  throw,  i.  e.  the  switch  has  two  nets  of 
clips  and  can  be  thrown  into  either  of  them. 
S.  P.  means  single  pole. 

D.  P.  means  double  pole,  i.  e.  opens  both  sides  of  circuit. 
T.  P.  means  triple  pole,  i.  e.   opens  every  conductor  of  a  3 
phase  system. 
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SO  that  the  cables  from  machines  to  board  may  be  cut 
oflf  from  generator.  It  is  also  good  practice  to  run  the 
equalizer  cable  along  in  ducts  from  machine  to  machine 
without  carrying  it  to  the  board. 


This  equalizer  connects  the  junctions  of  series  field  and 
brush  on  all  machines  as  shown  in  Fig.  283;  the  shunt 
coils  being  omitted  to  simplify  diagram. 

It  is  best  to  place  the  main  switch  and  equalizer  switch 
on  a  pedestal  panel*  as  shown  in  Pig.  284  for  moderate 
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Fig.   281.     D.   C.   Generator   Panels. 
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Fig.   282.      Rear  View  of  Fig.    281. 
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capacity  and  in  Pig.  285  for  4,000  ampere  (and  larger) 
machines.  The  upper  switch  being  the  main  switch. 
The  rear  view  of  these  large  capacity  pedestals  is  shown 
in  Pig.  286. 

A  better  view  of  the  4,000  ampere  toggle  operated  main 
switch  is  given  in  Pig.  287.  The  quick-break  S.  P.-S.  T. 
switch  is  illustrated  in  Pig.  288. 

The  field  switch,  Pig.  289,  has  a  carbon  break.  Just 
before  the  switch  opens  it  makes  contact  with  an  extra 
clip  which  puts  a  resistance  on  as  a  shunt  around  the 
field  coils. 


Pig.  283.     Equalizer. 

If  this  were  not  done  the  fields  would  act  like  a  kick- 
ing or  spark  coil  and  their  insulation  be  damaged. 

In  Pig.  290  is  seen  the  diagram  of  the  panel  shown  in 
Pigs.  281-282  when  capacity  is  800  K.  W.  or  under. 

Pig.  291  shows  the  same  panel  when  capacity  is  larger. 
The  panel  at  left  is  for  1,000  and  1,200  K.  W.,  the  next 
for  1,500  K.  W.  and  over.  The  cuts  on  right  side  show 
the  back  and  side  view  of  the  1,500  K.  W.  panel. 

The  scheme  of  electrical  connections  for  panel  of  Pig. 
281  is  shown  in  Pig.  292. 
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Fig.  284.     Pedestal  Panel  for  Main 

and  Equalizer  Switches.  Fig.  285.     Main  and  Equalizer 

Small  Capacity.  Switches  for  Large  Capacity. 


D.    C.   FEEDER  PANELS. 


A  set  of  feeder  panels  for  one  feeder  each  is  shown  in 
Fig:s.  293  and  294,  a  panel  for  two  feeders  with  sepa- 
rate switches  and  one  ammeter  reading  sum  of  both  cur- 
rents is  shown  in  Fig.  295,  while  Fig.  296  has  an  instru- 
ment and  switch  for  each  circuit. 
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Fig.  286.     Rear  View  of  Pig.  285. 
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Fig.  297  gives  the  diagram  of  these  feeder  panels  and 
Fig.  298  gives  the  electrical  connections. 

With  panels  as  described  the  way  to  throw  a  generator 
in  parallel  with  other  generators  already  running,  the 
following  procedure  should  be  followed: 


Type  C  Farm  K 
Oircu/t  Br^ck&r 


TID  A/n/7>nt  er  ! 

FbCC/i€id/3a^^i^c  ^Scpport  * 

fhtrnt  f€j/ Ne<:cptocfc 
Type  QB  farm  A  Stv/t^Ui 


r 

7/ 

7 

U 

Fig.  290.     Construction  of  Fig.  281  for  Small  Capacity. 

First — Close  main  and  equalizer  switches  (on  pedestal 
or  panel  near  machine). 

Second — Close  field  switch  (on  panel). 

Third — Close  circuit  breaker. 

Fourth — Insert  potential  plug  in  receptacle  and  regu- 
late voltage. 
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Fifth — ^When  the  proper  voltage  is  obtained,  close  the 
other  main  switch  (on  panel). 

All  the  above  applies  to  the  distribution  of  the  out- 
put of  rotary  converters,  but  as  they  have  some  peculiari- 
ties they  will  be  considered  later. 


Jb  Alarm  B^ff 


To  CQntQr  Stucf      H 
on  acf/oc  Qn  t  PanQ/    ? 


CquoftzQr  Buy 


-Lightning    Seneroior 
~ Arrester 


Fig.  292.     D.  C.  Generator  Panels. 

Nearly  all  railroads  are  operated  by  a  3  phase  station 
although  the  trains  are  run  by  single  phase  A.  C.  or  by 
converted  power  as  D.  C. 

The  consideration  of  3  phase  A.  C.  switchboards  will 
cover  all  the  A.  C.  power  houses. 
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Fig.  284.     Rear  View  of  Fig.  298. 
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Fig.  295.     Two  Feeder  D.  C.  Panel. 


Fig. 


296.     1,200  D.  C.  Ampere.  RaiJway 
Feeder  Panel  for  Two  Circuits. 
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A.    C.    GENERATOR   PANEL. 

The  panel  in  Pig.  299  contains : 

1  Horizontal  edgewise  balanced  three-phase  indicating 
wattmeter,  arranged  for  reading  both  the  kilowatts  out- 
put and  the  wattless  component. 

1  Horizontal  edgewise  ammeter. 

1  Horizontal  edgewise  voltmeter. 

1  Balanced  three-phase  induction  recording  wattmeter. 

1  D.  P.  D.  T.  potential  reversing  switch  for  the  indi- 
cating wattmeter. 

1  Pour-point  receptacle  for  synchronizing  connections. 

1  Hand-wheel  and  chain  operating  mechanism  for  field 
rheostat. 

1  S.  P.  S.  T.  carbon  break  field  switch  with  discharge 
clips. 

1  D.  P.  D.  T.  engine  governor  control  switch. 

1  T.  P.  S.  T.  oil  switch. 

1  Current  transformer  for  instruments. 

2  Potential  transformers  for  instruments. 

The  functions  of  the  instruments  are  to  indicate  the 
current,  voltage  and  kilowatts  output  of  the  generator, 
and  the  wattless  component  of  the  output.  Por  indicating 
the  wattless  component,  the  potential  coil  of  the  indicat- 
ing wattmeter  is  wired  to  the  potential  reversing  switch, 
which  is  normally  held  by  a  spring  so  as  to  connect  the 
instrument  up  as  a  wattmeter.  By  throwing  the  switch 
against  the  spring  into  the  other  position  the  potential 
coil  is  reversed  and  the  instrument  reads  the  wattless 
component,  giving  a  ready  means  of  detecting  any  cur- 
rents flowing  between  the  alternators  which  are  operat- 
ing in  parallel. 
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The  engine  governor  switch  is  to  oper- 
ate the  motor  which  temporarily  controls 
the  governor  on  engine,  or  turbine 
when  their  speeds  are  being  altered  to 
bring  two  alternators  into  synchronism 
or  adjusting  the  division  of  load  when 
operating  in  parallel. 

The  generator  oil  switch  has  no  auto- 
matic overload  release,  as  it  is  important 
to  keep  the  generator  in  service  during 
heavy  short  circuits  caused  by  trouble  on 
the  transmission  lines.  WTien  such  short 
circuits  occur,  the  generators  are  immedi- 
ately relieved  by  the  opening  of  the  auto- 
matic line  switches. 

The  diagrams  for  connecting  up  gener- 
ator panels  according  as  transformers 
are,  or  are  not  used  will  be  foimd  in  Figs. 
300  and  301. 


A.  C.  OUTGOING  PANEL. 

The  panel  on  left  of  Fig.  302  contains: 
3  Horizontal  edgewise  ammeters. 
1  T.  P.  S.  T.  oil  switch,  with   overload 
release. 

3  Current  transformers. 
Three  ammeters — one  for  each  phase 
— are  furnished  for  each  line,  to  facil- 
itate the  detection  of  unbalancing  due 
to  open  circuits  or  leakage.  With  balanced  loads, 
the  ammeter  pointers  should  show  equal  deflections  under 
normal  conditions.    As  the  ammeters  are  arranged  in  a 


Fig.  299. 
A.  C.  Generator 
Panel'. 
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Fig.  300.     A.  C.  Generator  Panel  without  Step-up  TransformerB. 
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ALTBRNATtNO  CURltBNT  OBNBRATOK  PANEL  FOR  OBNmUTOII  WITH  ITBT^JP 


Pig.   301.     A.  C.   Generator  Panel   for  Generator  with   Step-up   Trans- 
former. 
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Fig.  302.     A.  C.  Outgoing  Lino  Panels'. 

perpendicular  row  any  variation  in  the  deflection  of  the 
pointers  is  readily  detected. 

The   current  transformers  serve  to  operate  the  am- 
meters and  the  automatic  release  on  oil  switches. 
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Fig.  303.    A.  C.  Outgoing  Line.PaneL 
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The  panel  on  right  of  Fig.  302  has  but  one  ammeter 
and  merely  has  the  handle  for  operating  the  oil  switch. 
The  actual  switch  being  in  a  brick  compartment  at  rear 
of  panel.  The  overload  relay  (3  pole)  which  trips  the 
oil  switch  is  at  base  of  panel. 

Fig.  303  gives  the  electrical  connections  of  panels  in 
Fig.  302. 

The  swinging  bracket  ,of  Fig.  304  contains  a  synchro- 
nism indicator,  two  lamps  for  synchronizing  (practically 
a  duplicate  set  of  synchronizers)  and  a  voltmeter  for 
the  station  exciter  generator.* 


Fig.  804.    SsmchroDlsm  Indicator  and  Exciter  Voltmeter  on  Swinging  Bracket. 

To  use  the  synchronism  indicator  put  one  plug  in  on 
panel  of  a  generator  which  is  running,  and  the  other  plug 
in  the  panel  of  the  generator  which  is  starting. 

Fig.  305  shows  a  complete  switch  board  of  one  gen- 
erator panel  in  center,  a  panel  for  one  outgoing  line  on 
the  right,  an  exciter  panel  on  left,  with  the  swinging 
bracket  on  extreme  left. 


*D.  C.  Generator  furnishing  current  for  fielda  of  alternators. 
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Fig.  305. 


Main  Station  Switchboard  for  One  A.  O.  Generator  and  One 
Outgoing  Line. 


Such  a  switch-board  would  be  extended  towards  the 
right  indefinitely,  as  more  lines  were  put  on  the  station, 
by  the  addition  of  more  outgoing  line  panels. 
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Fig.  306.     Exciter 
Panel  Auxiliary 
Lighting  Swishes 
on  Sub-Base. 


\~^^^S3 


Pig.  307.    Exciter  Panel. 
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EXCITER   PANEL. 

Each  exciter  panel  is  equipped  with : 
1  Thomson  feeder  type  ammeter. 
1  Hand-wheel  for  operating  rheostat. 
1  Two-point   potential   receptacle  connected  to  volt- 
meter. 

1  S.  P.  S.  T.  positive  lever  switch,  with  fuse  mounted 
back  of  panel. 

One  Exciter  Panel  in  every  switch  board  is  furnished 
with  the  following  additional  switches:  (as  in  Fig.  306.) 

2  S.  P.  S.  T.  lever  switches,  with  fuses  back  of  panel, 
for  the  control  of  station  lighting  and  auxiliary  cir- 
cuits. 

On  the  frame  of  each  exciter  there  are  required  the 
following  switches,  mounted  on  a  common  slate  base : 

1  S.  P.  S.  T.  negative  lever  switch. 

1  S.  P.  S.  T.  lever  switch  for  equalizing. 

The  exciter  panels  are  designed  single  pole,  i.  e.,  only 
the  positive  leads  of  the  generators  are  connected  to  the 
switch-board  panels  and  only  the  positive  bus-bar  is 
mounted  back  of  them.  The  negative  and  equalizer  leads 
are  connected  through  their  switches  to  the  negative  and 
equalizer  bus-bar,  which  are  placed  under  the  floor  near 
the  exciters.  With  the  bus-bars  of  opposite  polarity  so 
widely  separated  there  is  practically  no  chance  of  short 
circuit  of  the  exciter  connections.  The  positive  field  leads 
of  the  alternators  are  carried  to  the  panels,  while  the 
negative  field  leads  are  permanently  connected  to  the 
negative  exciter  bus-bar. 

Fig.  307  will  give  the  electrical  connections  of  an  ex- 
citer panel.  * 
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The  blower  motors  running  the  blowers  which  cool 
transformers  are  of  the  3  phase  induction  type,  or  D.  C. 
shunt  motors. 

The  D.  C.  motors  are  started  by  the  regular  starting 
box,  Fig.  308. 


Fig.  308.     starting  Panel 
for  D.  C.  Blower  Set. 


Fig.  309.     Main'  Switch  Panel 
for  A.  C.  Blower  Set. 


The  current  to  an  induction  motor  is  controlled  by  a 
switch  like  Fi«f.  309,  if  from  auxiliary  low  voltap:e  buses, 
or  from  an  oil  switch  on  a  panel  like  Fig.  310,  if  full  sta- 
tion voltage  is  used. 

The  actual  starting  is  done  by  a  switch  as  in  Fig.  311, 
which  is  between  secondaries  of  transformers  or  reactance 
coils  and  the  induction  motor. 
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Fig.    310.     Oil   Switch  A.    0. 

Panel  for  Incoming  Une 

Motor  Driving    Exciter  or  A.  C 

Side  of  Rotary. 


Fig.  311.     Induction  Motor 
or  Rotary  Starting  Panel. 
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Fig.    312.     Induction  Motor  Pai^^l. 
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Fig.  312  shows  connections  of  an  induction  motor  to 
main  buses,  using  an  oil  switch  and  a  starting  switch. 

The  operation  of  several  sub-stations  on  a  single  line 
is  generally  recognized  as  good  practice,  especially  for  in- 
terurban  systems  on  which  the  traflSc  is  not  very  dense. 

To  insure  continuity  of  service  in  the  event  of  line 
trouble,  it  is  expedient  to  sectionalize  the  line  at  every 
sub-station  that  is  located  at  an  intermediate  point  of 
the  line.  This  sectionalizing  is  accomplished  at  each 
intermediate  station  by  carrying  the  incoming  line  to 
the  bus-bars  through  the  air  brake  disconnecting  switches 
which  are  installed  in  connection  w^ith  the  arresters,  and 
by  carrying  the  outgoing  line  through  an  oil  switch. 
In  case  of  line  trouble,  this  arrangement  allows  all  sec- 
tions of  the  line  between  the  generating  station,  and  any 
section  on  which  the  ti*oubIe  occurs  to  be  operated  con- 
tinuously. The  power  is  automatically  cut  off  from  the 
section  in  trouble  by  an  oil  switch  in  the  outgoing  line 
panel  equipment  of  the  sub-station  at  the  generating 
station  end  of  the  section,  so  4:hat  the  air  brake  discon- 
necting switches  in  the  sub-station  at  the  other  end  of  the 
section  need  never  be  opened  under  load. 

When  duplicate  transmission  lines  are  used,  two  in- 
coming line  panels  and  two  outgoing  line  panels  are  rec- 
ommended for  each  intermediate  sub-station.  The  instal- 
lation of  these  individual  panels  facilitates  the  disconnec- 
tion of  either  line  of  any  section  and  the  continuance  of 
the  service  over  the  other  line  of  the  section  without  any 
interruption 


SUB-STATIONS  AND  SUB-STATION  SWITCH- 
BOARDS. 

The  sub-station  is  the  connecting  link  between  the 
transmission  line,  and  the  trolley  wire,  or  third  rail. 

With  A.  C.  generation  and  D.  C.  utilization  of  power 
the  sub-station  with  its  rotary  converters  is  a  necessity. 
Where  A.  C.  is  used  straight  through,  the  sub-station  may 
be  omitted,  by  having  each  station  fed  directly,  with  a 
very  high  tension  trolley  wire. 

Usually  there  will  be  sub-stations  containing  only  trans- 
formers. The  22,000  volt  lines  will  feed  these  trans- 
formers and  they  will  feed  the  line  with  some  lower 
voltage.  The  scheme  of  placing  costly  generators  directly 
on  line,  running  the  danger  of  static  and  lightning  dis- 
charges, seems  rather  rash. 

When  transformers  and  sub-stations  are  used  the  gen- 
erators may  deliver  a  much  higher  voltage,  for  the  trans- 
formers step  it  down  later,  and  the  absence  of  any  electri- 
cal connection  between  primary  and  secondary  protects 
the  generator  by  absolutely  separating  it  and  the  trol- 
ley wire. 

It  may  be  said  that  in  A.  C.  work  each  car  or  locomo- 
tive carries  a  small  substation,  i.  e.,  a  transformer  to 
lower  the  line  voltage  to  a  pressure  suitable  for  the 
motors. 

THE  A.  C.  SUB-STATION. 

One  of  the  great  advantages  of  A.  C.  traction  is  the 
simplicity  of  its  sub-stations.  They  are  small  brick  build- 
ings containing  the  transformers  for  lowering  voltage, 
a  simple  in-coming  and  out-going  switchboard. 

631 


632 


IH>w£r  StATlOKS 


The  best  frequency  for  motore  is  a  low  one,  25  being 
now  standard.  It  has  been  recently  proposed  to  design 
systems  at  a  frequency  of  15. 


Fig.  313.     A  Frequency  Changer. 

Both  of  these  frequencies  are  rather  low  for  lighting 
and  transformers  are  cheaper  to  build  and  operate  as 
the  frequency  increases. 

Railroads  by  purchase  often  acquire  electric  roads 
which  as  a  side  issue  furnish  light  to  some  municipality. 
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They  may  continue  to  do  this  at  the  desired  frequency 
from  their  low  frequency  plant  by  installing  a  frequency 
changer,  Fig.  313. 

This  consists  of  two  similar  machines,  one  a  simple 
A.  C.  motor  (called  a  synchronous  motor)  and  the  other 
an  A.  C.  generator  built  much  like  an  induction  motor. 
It  takes  in  current  of  one  frequency  and  delivers  current 
at  another  frequency,  higher  or  lower  as  desired. 


1    CD    I 1 


CD 


**JCr^    *«K^   -'^^'SES^ 


r 

^ 

r 

A 

■| 

mtm^cJ. 

\ 

\ 

V 

J 

^ 

J 

Fig.  314.     Floor  Plan  of  a  Typical  Sub-Station. 

The  amount  the  frequency  is  changed,  is  determined 
by  the  design  of  the  machine,  and  is  fixed  once  for  all. 
There  can  be  no  regulation  of  the  frequency,  or  in  fact 
is  that  desired ;  all  that  is  needed  is  a  change  from  25  to 
say  133  and  have  it  keep  at  133. 


THE  A.  C.  TO  D.  C.  SUB-STATION. 

When  D.  C.  third  rail  or  trolley  is  used  the  sub-sta- 
tion contains  the  step^down  transformers  which  feed  the 
rotary  converters,  the  converters  themselves,  and  the  in- 
coming A.  C.  and  out-going  D.  C.  switchboards. 
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The  layout  of  a  typical  sub-station  is  shown  in  Fijrs. 
314-315-316.  The  first  gives  a  plan  of  the  station  shov;- 
ing  position  of  each  piece  of  apparatus  on  the  floor.    The 


Fig.  315.     view  of  Rear  of  Station  Shown  In  Fig.  M4. 

second  gives  view  of  the  transformers  with  an  A.  C. 
panel  for  each  rotary  along  side  of  transformer  on  right. 
On  left  of  middle  transformer  is  the  panel  for  outgoing 
A.  C,  which  goes  to  next  sub-station. 


Fig.  316.     Bnd  View  of  Fig.  '814. 

The  starting  resistances  and  switch  for  the  rotaries  are 
between  the  transformers,  and  between  the  last  trans- 
former and  blower  panels. 

Ilij^h  up  on  the  wall  are  the  two  lightning  arresters  and 
fuse3  for  the  incoming  and  outgoing  A.  C.  lines. 

Fig.  316  shows  an  endwise  view  of  the  station  which 
explains  itself.  , 
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The  sub-gtation,  shown  in  Fig.  317  has  one  complete 
unit  in  full  view.  It  consists  of  a  1,000  K.  W.,  6  phase 
rotary  fed  by  a  set  of  3  single  phase  transformers  con- 
nected so  as  to  make  one  3  phase  transformer.  These  are 
air  blast  type. 


Fig.  317.     Sub-Station  of  6  Phase  Rotaries.     Surface  Roads,  New  York. 


At  the  extreme  left  is  an  induction  regulator  operated 
by  a  small  motor  on  its  top.  This  motor  is  controlled 
from  the  switchboard.  The  rotaries  in  this  station  are 
started  from  the  D.  C.  side,  because  at  least  one  rotary  is 
alwajrs  running. 

Fig.  319  is  an  interior  view  of  a  sub-station  showing 
a  rotary  converter,  switchboard  and  the  transformers 
in  the  rear. 
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SYNCHRONOUS   MOTOR. 

If  two  similar  single  phase  machines  are  connected  to 
a  line  the  one  may  be  driven  as  a  generator  and  the  other 
considered  as  a  motor.  This  motor  will  not  start  when 
its  switches  are  closed,  because  the  rapid  changes  of  the 
armature  polarity  give  impulses  to  move  first  in  one  di- 
rection and  then  in  another;  with  the  result  that  motor 
stands  still. 


Fig.  318.     Sub-StatioD.   Rotaries   with  SUrting  Motors.  PitUfleld,  Maw. 


If  the  motor  machine  should  be  revolved  by  a  smaller 
motor  till  it  is  moving  at  the  same  speed  as  generator, 
or  slightly  faster,  when  the  switches  of  the  motor  are 
thrown  the  motor  will  continue  to  revolve  at  generator 
speed. 
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Such  a  motor  Will  carry  any  load  up  to  50%  over- 
load without  the  slightest  change  in  speed  until  sud- 
denly it  stops.  To  get  it  started  again  the  load  must 
be  thrown  off  and  the  motor  brought  up  to  its  proper 
speed  by  the  auxiliary  motor. 

The  D.  C.  for  the  motor  field  is  supplied  to  the  motor 
from  external  source.  The  strength  of  the  field  has  no 
influence  on  the  speed  of  motor. 

The  speed  is  governed  by  the  frequency  of  generator. 
If  the  generator  passes  25  pairs  of  poles  a  second  then 
the  motor  will  do  the  same.  If  the  generator  and  motor 
have  the  same  number  of  poles,  then  they  revolve  the 
same  number  of  revolutions  per  minute.  A  32  pole  gen- 
erator driving  a  16  pole  motor  goes  only  half  as  fast  as 
the  motor,  for  if  frequency  of  generator  is  25  the  motor 
must  go  twice  as  fast  so  as  to  pass  the  same  number  of 
pairs  of  poles  a  second. 


INDUCTION    REGULATION. 

If  the  current  going  to  a  rotary  passed  through  an  auto 
transformer  where  part  of  the  coil  could  be  placed 
in  opposition  to  the  rest  of  it,  then  we  would  have  an 
arrangement  capable  of  slightly  lowering  or  raising  the 
voltage  applied  to  rotary,  according  as  the  part  of  coil 
was  in  series  or  in  opposition  to  the  rest  of  the  coil. 

The  induction  regulator  produces  the  same  effect  in 
a  little  different  way.  It  is  as  shown  in  Fig.  320.  It 
consists  of  a  primary  P.  Q.  of  a  transformer  across  the 
line  as  a  shunt  and  a  secondary  S.  T.  in  series  with  one 
of  the  mains. 

An  iron  core  E.  F.  when  in  this  position  causes  the 
flux  to  pass  through  secondary  and  induce  an  E.  M.  F., 
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which  is  added  to  the  line,  while  if  turned  by  the  handle 
or  by  motor  into  position  H.  G.  the  flux  through  S.  T.  is 
reversed  and  the  E.  M.  F.  induced  is  subtracted  from  the 
line.  This  transformer  carries  full  current,  but  induces 
so  few  volts  that  the  power  is  small.  When  only  3  or 
4%  of  its  own  power  is  lost,  it  is  a  very  small  fraction  of 
total  power  delivered  to  rotaries. 


Fig.  320.     Induction  Regulator. 
STARTING  ROTARY  CONVERTERS. 

To  start  from  the  A.  C.  mains  as  a  polyphase  motor 
the  connections  shown  in  Fig.  321  are  used. 

The  line  in  this  case  has  a  compensator  attached  and 
as  shown  in  Fig.  321  the  rotary  will  now  receive  only  a 
fraction  of  the  line  voltage,  and  starts  at  slow  speed. 

As  the  taps  to  rotary  are  moved  up  the  coils,  the  voltage 
is  higher  until  finally  the  coils  of  compensator  are  cut  out 
entirely,  and  rotary  is  revolving  at  full  speed,  taking  full 
line  voltage. 

When  transformers  are  between  line  and  rotary  the 
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same  scheme  is  applied  to  the  secondaries  of  the  trans- 
former. 

To  start  from  D.  C.  mains  a  regular  starting  set  is 
used  and  operation  is  like  any  shunt  motor. 


SYNCHRONIZING. 

When  a  rotary  is  up.  to  speed  and  ready  to  be  connected 
to  the  A.  C.  line,  it  must  be  connected  at  just  the  right 
instant. 

This  time  can  be  determined  by  bridging  across  the 
connecting  switch,  some  lamps  in  series. 


{ 
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Fig.  821.     Starting  8  Phase  Rotary  with  Compensator. 


Both  the  rotary  and  the  incoming  line  will  be  operating 
these  lamps.  As  a  result  they  will  flicker.  As  the  right 
instant  is  approached  the  lamps  blink  slowly  until  the 
change  from  darkness  to  light  takes  one  or  two  seconds ; 
then  at  the  time  of  maximum  brightness  or  darkness 
close  the  connecting  switch.  The  lamps  may  then  be  dis- 
connected. 
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Two  voltmeters  can  be  combined  in  one  case  and  made 
to  indicate  through  a  single  pointer.  Whep  the  line 
and  rotary  agree  the  pointer  stands  in  center  of  dial. 
These  are  called  synchronism  indications  or  synchroniz- 
ers. 

By  synchronism  for  two  alternators  we  mean  that 
the  maximum  value  of  the  E.  M.  F.  in  each  machine  oc- 
curs at  exactly  the  same  instant.  They  are  then  in 
phase,  and  in  step  and  in  synchronism.  In  this  condi- 
tion they  run  as  generators  in  parallel. 

If  they  get  out  of  phase  suflSciently  they  will  keep  in 
step  and  in  synchronism  but  will  be  in  opposition  and 
one  will  continue  to  generate  while  the  other  will  begin 
to  absorb  power  and  act  as  a  motor.  This  is  what  is 
meant  by  synchronism  for  an  alternator  and  a  rotary 
converter. 


SUB-STATION   SWITCHBOARDS. 

The  arrangement  of  switchboard  panels  in  sub-stations 
differs  from  the  generating  station  arrangement,  in  that 
the  alternating  current  panels  are,  preferably,  installed 
individually  near  their  several  line,  or  transformer  oil 
switches,  thus  greatly  simplifying  the  high  tension  wir- 
ing and  the  oil  switch  operating  mechanism,  while  the 
continuous  current  panels  are  grouped  into  a  single 
switchboard  conveniently  located.  The  location  of  the 
alternating  current  panels,  transformers,  oil  switch  cells, 
continuous  current  switchboard,  and  machines,  as  shown 
in  Figs.  314,  315  and  316,  is  suitable  for  a  13,200  volt 
3  phase  sub-station. 

Standard  sub-station  line  panels  are  equipped  as  fol- 
lows: 
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A.    C.    INCOMING   LINE  PANEL. 

These  are  only  used  when  lines  are  in  duplicate,  and 
are  shown  in  Pig.  310. 

A.  C.  OUTGOING  LINE  PANEL. 

These  are  necessary  in  every  sub-station  except  the 
terminal  one.    This  panel  is  shown  on  left  of  Fig.  302. 

The  ammeter  on  incoming  panel  must  be  able  to  show 
all  the  current  ever  drawn  by  its  own  sub-station  and 
those  beyond.  The  capacity  of  the  three  ammeters  on 
any  outgoing  line  panel,  however,  need  only  be  large 
enough  to  read  the  maximum  load  on  the  line  beyond  the 
sub-station  in  which  the  panel  is  installed.  As  already 
stated  for  the  outgoing  panels  of  the  generating  station, 
three  ammeters  are  furnished  in  order  to  indicate,  by 
their  unbalanced  readings,  any  open  circuit  leakage  on 
the  outgoing  line. 

A.  C.  ROTARY  CONVERTER  PANEL. 

The  panel  controlling  the  intake  of  the  rotary  is  shown 
in  Fig.  302  (on  right).    It  contains: 
1  horizontal  edgewise  ammeter. 
1  T.  P.  S.  T.  overload  relay  for  oil  switch. 
1  current  transformer. 

THREE-PHASE  ROTARY  STARTING  PANELS. 

In  Fig.  311  is  shown  this  panel.  The  switch  is  used 
for  starting  the  converter  by  connecting  two  of  the  three 
converter  leads,  first  to  half -voltage  taps  and  then  to  the 
full  voltage  terminals  of  the  transformer.  The  third  con- 
verter lead  is  permanently  connected  to  the  third  termi- 
nal of  the  transformer. 
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SIX-PHASE  ROTABT  STABTINQ  PANELS. 

As  shown  in  Piij.  322  contains  2  T.  P.  D.  T.  lever 
switches. 

These  switches  are  used  for  starting  the  converter  by 
connecting  three  of  the  six  converter  leads,  first  to  one- 
third  voltage  taps,  next  to  two-thirds  voltage  taps,  and 
finally  to  the  full  voltage  terminals  of  the  transformer. 
The  other  three  converter  leads  are  permanently  con- 
nected to  the  remaining  three  transformer  terminals. 


Pig.  922.     Six-Phase  Rotary  Starting  Pan«l. 


POSITION  OP  PANELS. 

The  A.  C.  incoming  Une  panels  are  connected  between 
the  high  tension  bus-bars,  and  the  three-phase  primaries 
of  the  step-down  transformers,  and  are,  therefore,  suita- 
ble either  for  three  or  six-phase  converters.  Converters 
of  capacities  up  to  400  kilowatts  are  usually  three-phase, 
and  above  thalt  capacity,  six-phase.    The  secondaries  of 
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the  transformers  are  not  carried  to  the  main  switchboard, 
but  are  connected  through  separately  mounted  starting 
panels  to  the  converters.  The  dimensions  of  rotary  con- 
verter starting  panels  vary  with  the  capacity  of  the  con- 
verters, but  they  are  of  suitable  size  for  mounting  near 
the  latter.  In  most  cases  where  compound  wound  con- 
verters with  reactive  coils  are  used,  the  coils  are  connected 
between  the  transformer  secondaries,  and  the  converters, 
and  the  starting  panels  are  mounted  on  top  of  the  re- 
active coil  casings. 

ROTARY    OUTPUT    PANELS. 

These  panels  are  the  same  as  D.  C.  generator  output 
panels  and  are  shown  in  Fig.  323. 

The  circuit  breaker  is  furnished  with  a  low  voltage 
release  coil,  which  trips  when  the  voltage  drops  to  ap- 
proximately half  of  its  normal  value,  and  with  a  tell- 
tale switch,  for  connection  to  an  alarm  bell  which  will 
ring  when  the  breaker  opens  automatically.  To  prevent 
racing  of  the  converter  caused  by  accidental  disconnec- 
tion on  the  alternating  current  side,  an  adjustable  speed 
limiting  switch  is  mounted  on  the  converter  shaft.  This 
speed  limiting  switch  operates  to  short  circuit  the  low 
voltage  release  coil  when  the  speed  of  the  converter  in- 
creases a  certain  degree  above  normal,  thereby  tripping 
the  breaker  and  disconnecting  the  converter  from  the 
continuous  current  bus. 

The  continuous  current  rotary  converter  panel  is  con- 
nected in  the  positive  side  of  the  circuit,  and  the  negative 
side  is  permanently  connected  to  the  grounded  negative 
bus,  which  is  run  along  below  the  machine.  The  equaliz- 
ing switch,  and  the  switch  for  opening  the  shunt  to  th^ 
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Fig.  323.     Rotary 
Output  PahbL 


Fig.  324.    D.  C.  Feeder  Piuiele. 
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series  field,  required  for  a  compound  wound  rotary  con- 
verter, are  mounted  directly  on  the  frame  of  the  machine. 
The  advantages  of  equalizing  on  negative  side,  and 
of  using  single  pole  switches  has  been  discussed  under 
generators. 

D.    C.   OUTGOING  LINE  PANELS. 

The  panels  for  one  and  two  circuits  are  shown  in 
Fig.  324. 

PLACING  ROTABIES   IN  SERVICE. 

After  a  rotary  converter  has  been  started  from  the 
alternating  current  ends,  and  builds  up  with  the  proper 
polarity,  the  following  procedure  should  be  followed  to 
throw  the  direct  current  end  in  parallel  with  other  ma- 
chines running : 

First — Close  equalizer  switch  (on  machine). 

Second — Close  circuit  breaker  (on  panel). 

Third — Insert  potential  plug  in  receptacle  and  regu- 
late voltage. 

Fourth — When  the  proper  voltage  is  obtained  close 
positive  switch  (on  panel). 


SWINGING  BRACKET  FOR  VOLTMETER. 

As  shown  in  Fig.  325  a  swinging  bracket  is  provided 
to  be  mounted  at  end  of  board,  carrying: 

1  Thomson  illuminated  dial  station  type  D.  C.  volt- 
meter. 

1  plug  for  insertion  in  receptacles  on  the  rotary  out- 
put panels,  thus  connecting  the  voltmeter  to  the  particu- 
lar machine. 
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If  the  rotary  when  smarted  from  A.  C.  side  comes  up 
with  polarity  reversed,  the  voltmeter  will  swing  back  of 
zero. 

The  polarity  of  the  converter  can  be  corrected  by  oper- 
ating the  four  pole  double  throw  field  break-up  reversing 
smtch,  which  is  mounted  on  the  frame  of  the  converter 
and  included  in  its  equipment.  This  field  reversing 
switch  stands  normally  in  its  **up"  position,  and  the  op- 


Fig.  825.     Voltmeter  Bracket 

eration  of  throwing  it  into  the  **down"  position  reverses 
the  field  magnetization.  WTien  the  voltmeter  needle  in- 
dicates that  the  throwing  of  the  switch  into  the  **down'' 
position  has  established  correct  polarity,  the  switch 
should  immediately  be  thrown  back  into  the  **up"  posi- 
tion, thereby  connecting  the  field  correctly  for  service. 

The  operation  just  described  should  be  performed 
while  the  alternating  current  side  of  the  converter  is 
connected  to  the  low  voltage  taps  of  the  transformer. 
When  the  voltmeter  indicates  the  correct  polarity,  the 
converter  may  be  connected  to  the  full  voltage  terminals 
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of  the  transformer.  The  continuous  current  voltage  may 
then  be  adjusted  by  means  of  the  field  rheostat,  and  the 
machine  thrown  on  the  continuous  current  bus. 

When  motor  operated  oil  switches  are  installed  in  the 
sub-station,  a  storage  battery  is  used  as  a  source  of  power 
for  the  small  110-volt  series  motors  which  operate  the 
switches. 


Fig.  326.     Storage  Battery  Panel. 


The  storage  battery  consists  of : 

55  cells,  giving  110  volts,  the  type  and  capacity  of  the 
cells  depending  upon  the  number  of  switches  to  be 
operated. 
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Fie;.  327.     Outgoing  A.  C.  Line  Panel. 
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STORAGE  BATTERY  PANEL. 

As  shown  in  Fig.  326  contains: 

1  Thomson  feeder  type  ammeter,  with  zero  at  center 
of  scale. 

1  Rheostat. 

2  S.  P.  S.  T.  quick-break  switches. 

2  enclosed  fuses. 

The  battery  is  charged  by  connecting  it  in  series  with 
the  rheostat  across  the  600  volt  bus-bars.  The  rheostat 
is  provided  with  a  dial  switch  for  regulating  the  charg- 
ing current. 

BLOWER  MOTOR  PANELS 

Are  required  for  controlling  the  induction  motor 
blower  sets,  which  are  used  with  air  blast  transformers. 
Each  panel,  as  shown  in  Fig.  309,  contains: 

1  T.  P.  D.  T.  lever  switch. 

3  enclosed  fuses. 

The  motors  are  usually  wound  for  350  volts,  and  are 
operated  from  the  secondary  side  of  the  power  trans- 
formers.   The  panels  are  located  near  the  blowers. 

As  the  transformers  are  not  connected  in  parallel  on 
the  low  tension  side,  the  double-throw  switch  is  fur- 
nished for  connecting  either  of  the  duplicate  blower  mo- 
tors, which  are  usually  furnished,  to  whichever  bank  of 
transformers  happens  to  be  in  use,  as  already  described 
for  the  generating  station. 

ELECTRICAL  CONNECTIONS  OP  PANfiLS. 

A.  C.  incoming  lines  are  shown  in  Fig.  327. 
Connections    for   a    three-phase    rotary   high   voltage 
panel,  low  voltage  starting  panel  and  blower  motor  panel 
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Fig.  828.     A.  C.  End  of  Three-Pha«e  Rotaiy. 
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Fig.  330.     Rotary  Output  Panel. 
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Fig.  331.     Storage  Battery  Panel. 
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Fig.  332.     D.  C.  Feeders. 


are  shown  in  Pig.  328,  while  similar  panels  for  six-phase 
rotaries  are  shown  in  Fig.  329. 

The  connections  of  a  rotary  panel  are  given  in  Fig. 
330. 

The  storage  battery  panel  is  shown  in  Fig.  331. 

D.  C.  feeder  panels  are  connected  as  shown  in  Fig.  332. 


SWITCHES. 

Lever  smiches  of  type  shown  in  Fig.  333,  are  used 
only  to  close  circuits.  "When  used  to  open  circuits  the 
Quick  Break  type  is  used,  shown  in  Pig.  288.  Half  the 
blade  comes  out  of  the  clips  when  the  handle  is  drawn 
back.  This  stretches  the  spring  and  the  tension  finally 
pulls  the  other  half  of  blade  out  of  clips  at  great  speed, 
thus  preventing  much  arc. 


Fig.  333.     Knife-Blade  Lever  Switch. 

Field  discharge  switches,  Fig.  289,  are  furnished  only 
on  the  alternating  current  generator  panels,  and  as  they 
must  be  relied  upon  to  shut  down  the  generators  under 
emergency  conditions,  they  embody  several  features  of 
importance.  As  stated  in  the  description  of  the  generator 
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panel  equipment,  the  field  switches  are  single  pole  and 
are  furnished  with  clips  for  connecting  a  discharge  re- 
sistance across  the  field  when  the  latter  is  disconnected 
from  its  source  of  excitation,  thereby  preventing  the 
generation  of  an  excessively  high  potential,  which  might 
puncture  the  field  insulation,  when  the  field  circuit  is 


Fig.  334.     Front  View  of  Oil  Switch. 

opened.  The  construction  is  such  that  in  opening  the 
switch  the  resistance  circuit  is  closed  before  the  field  is 
disconnected  from  the  exciter,  while  in  closing  the  switch 
the  resistance  circuit  is  opened  before  the  field  is  con- 
nected to  the  exciter.  By  this  means  all  destructive  arc- 
ing is  avoided,  for  the  field  can  never  be  broken  without 
shunting  it  through  the  discharge  resistance,  yet  the  lat- 
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ter  is  not  even  momentarily  connected  across  the  exciter 
bus-bars  while  the  switch  is  being  closed. 

Oil  switches.     The  severe  conditions  which  must  be 
anticipated  on  railway  systems  demand  the  use  of  switeh- 


Flg.  335.     Rear  View  of  Oil  Switch. 


ing  apparatus  which  will  protect  the  machines  and  lines 
from  excessive  overloads  and  short  circuits  without  in- 
jury to  the  switches,  as  the  latter  must  be  in  condition  to 
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put  the  machines  back  into  service  as  soon  as  any  tem- 
porary trouble  has  been  remedied.  These  requirements 
are  best  met  by  reliable  oil  switches,  properly  installed 
in  brick  cells  situated  apart  from  the  switchboard  to  pre- 
vent any  local  trouble  from  spreading. 


Fig.  336.     Three  Pole,  Double  Throw.  Oil  Switch. 


In  case  of  a  dead  short  circuit  on  a  feeder  near  the 
generating  station,  the  current  in  the  circuit  which  must 
be  opened  reaches  a  maximum,  the  value  .of  which  may 
be  many  times  the  normal  capacity  of  the  generators. 
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The  automatic  feeder  switches  must  be  capable  of  break- 
ing this  maximum  current  instantaneously.  The  non- 
automatic  switches,  on  the  other  hand,  are  not  required 
to  open  the  maximum  current,  but  must  be  capable  of 
opening  the  load  after  the  current  has  dropped  to  a  value 
which  the  generator  will  maintain  on  short  circuit. 


Pig.    337. 


Oil    Switch    15,000    Volt.    300    Ampere    Triple    Pole»    Single 
Throw.     Brick  Partitions  Not  Shown. 


Pigs.  334  and  335  show  the  operating  handle  and  the 
switch  mechanism  of  a  three  pole  oil  switch. 

A  triple  pole  double  throw  oil  switch  for  panel  use  is 
shown  in  Pig.  336. 

It  is  often  desired  to  have  the  switch  at  some  distance 
from  the  panel  on  which  it  is  controlled. 

In  Pig.  337  is  shown  a  triple  pole  single  throw  15,000 
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Fig.  339.     Arrangement  of  Remote  Control   Lever  Oil  Switches. 


volt  300  ampere  oil  switxih.    It  would  be  very  unsafe  to 
have  this  on  the  switchboard. 

It   is  built  into  a  three  compartment   brick   cell   at 
some  distance  behind  board  and  controlled  by  a  long  rod 
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running  from  lever  on  panel.  This  switch  is  of  the  non- 
automatic  type,  being  used  for  a  main  generator  switch. 
Such  switches,  when  used  on  transformers,  are  so  far 
from  the  panel  that  some  arrangement  as  in  Fig.  338 
is  used. 


Fig.  339.     Magnetically  Operated  Oil  Switch. 

Switches  at  a  distance  from  the  board  may  be  con- 
trolled i*lectrically  if  fitted  with  a  tripping  magnet  and 
closed  by  sending  an  attendant  to  the  switch.  This  is 
very  bad  practice,  as  the  time  wasted  and  even  possibil- 
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Fig.    340.     Motor  Driven,   T.    P.    S.    T.    13,000   Volts'  300   Ampere  Oil 
Switch  in  Brick  Cell. 
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Fig.  341.     An  Arrangement  of  13,000  Volt  Buses  and  0\\  Swltcho 
Very  Uttle  Floor  Space  Required, 
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ity  of  closing  wrong  switch  must  be  considered.  The 
switch  in  Fig.  339  is  operated  by  two  magnets,  the  left 
hand  one  (not  clearly  shown)  opening,  the  right  hand 
one  closing  switch.    A  small  S.  P.  D.  T.  switch  on  panel 


*f  rfi*Aj  if-tf K/-*>i  ^W^h  ^ 


Pig.  342.     A  More  Compact  Arrangement  Than  Fig.   841.      Needs  More 
Floor  Space. 


controls  the  two  magnets.  Large  switches,  as  Fig.  340, 
are  opened  and  closed  by  motors.  For  such  a  m(Ttor 
switch  there  will  be  on  the  panel : 

1  S.  P.  D.  T.  operating  switch  for  the  control  of  the 
oil  switch  motor. 

2  miniature  lamps,  one  with  red  and  other  with  green 
bull's  eye. 
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If  the  switches  must  open  automatically  there  is  pro- 
vided in  addition  to  the  above : 

1  overload  relay. 

The  lamps  with  bull's  eyes  are  controlled  by  an  auxil- 
iary switch  attached  to  the  operating  mechanism  of  the 
oil  switch.  The  opening  of  the  oil  switch  lights  up  the 
green  bull's  eye,  and  its  closing  lights  up  the  red  bull's 
eye,  assuring  the  attendant  that  the  throwing  of  the  con- 
trolling switch  has  been  followed  by  the  proper  operation 
of  the  oil  switch. 


Fig.   343.     Arrangement     Similar  to  Fig.  342  When  More   Space  Is 
Available. 

When  the  current  in  the  main  circuit  exceeds  a  pre- 
determined value  the  overload  relay  closes  a  continuojis 
current  circuit,  thereby  tripping  the  oil  switch. 

Under  some  conditions,  however,  it  is  desirable  to  de- 
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lay,  for  a  certain  length  of  time,  the  opening  of  the 
switch  under  its  predetennined  overload.  To  accomplish 
this  result  the  overload  relay  is  equipped  with  a  time 
limit  device. 


Fig.  344.     Mounting  and  Control  of  Field  Rheostat. 


As  already  stated,  all  high  tension  oil  switches  should 
be  mounted  in  brick  cells  situated  apart  from  the  panels. 

The  bus-bars,  disconnecting  switches  and  oil  sw^itches. 
need  not  only  good  insulation,  but  separation.    Fig.  341 
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shows  one  way  of  handling  a  13,000  volt  set.  Fig.  342 
shows  side  and  rear  view  of  another  scheme  and  Fig.  343 
still  another  way  of  placing  them. 

Field  rheostats  being  of  such  large  size  the  arrange- 
ments shown  in  Fig.  344  are  often  necessary.  In  Fig. 
338  the  rheostat  is  on  floor  below. 


Fig.   345.     Clamping  a   Five 
Terminal  Cable  to  Panel  Stud. 


Fig.  346.     Voltage  Detector,  for 
ClrcuiU  Up  to  15.000  Volts. 


Cable  connections.  In  order  to  connect  large  cables 
to  the  bus-bars,  instrument,  and  machine  terminals,  the 
cables  are  split  and  the  parts  soldered  into  lugs.  Fig. 
345  shows  how  five  of  these  lugs  can  be  placed  on  a  stud 
so  as  to  occupy  as  little  end  room  as  possible. 

The  voltage  detector,  Fig.  346,  is  a  static  device  having 
a  movable  element  which  is  set  in  rotation  when  it  is 
subjected  to  the  line  potential.  A  detector  is  attached  to 
each  conductor  of  every  line,  on  the  line  side  of  the  dis- 
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connecting  switch.  A  complete  set,  therefore,  consists  of 
three  detectors  for  each  line.  This  device  also  serves  as 
a  ground  detector,  as  its  moving  element  will  come  to 
rest  when  a  ground  occurs  on  the  conductor  to  which  it 
is  connected. 


Fig.  347.     13.000  Volt,  Three-Phase  Lightning  Arrester. 

Three  single-pole  Double-blade  disconnecting  switches 
(Fig.  347)  are  placed  in  each  incoming  and  outgoing 
line,  one  switch  in  each  conductor.  One  blade  is  used  for 
disconnecting  the  lightning  arrester  from  the  line,  while 
the  other  blade  is  used  for  disconnecting  the  station  from 
the  line.     Choke  coils  also  are  recommended  for  connec- 
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tion  in  series  with  the  line  between  the  arrester  taps  and 
the  switchboard  in  order  to  protect  the  station  apparatus. 
The  arresters,  switches  and  choke  coils  are  designed  for 
mounting  on  the  wall  at  the  point  where  the  lines  enter 
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Fig.  348.     Diagram  of  Multlgap  Graded  Shunt  Resistance,  Three-Pliaae 
33.000  Volt  Arrester. 


the  station.  The  switches  may  be  furnished  either  front 
or  back  connected,  and  are  mounted  on  slate  bases  and 
provided  with  heavy  corrugated  glass  insulators  for  the 
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switch  studs.  The  blades  are  not  provided  with  handles, 
but  have  holes  in  the  ends  to  enable  them  to  be  operated 
by  a  hook  mounted  on  a  long  wooden  handle. 


Fig.   349. 


Arrester  Similar  to  Pig.    348   Arranged  for  Y  System  with 
Grounded  Neutral. 


Arresters.  In  Fig.  347  is  shown  a  13,000  volt  3-phase 
arrester  with  disconnecting  switches.  This  is  the  older 
type,  but  is  the  kind  in  most  stations. 

In  Figs.  348  and  349  are  given  diagrams  of  the  con- 
nections of  the  newer  graded  shunt  resistance  type  of 
arrester. 


OIL  SWITCHES  . 

As  considerable  space  has  been  devoted  to  oil  swiusues, 
the  subject  will  be  continued  still  further  by  a  brief 
explanation  of  the  construction  and  operation  of  this 
type  of  switches,  and  also  of  oil  circuit  breakers.  The 
principle  of  construction  is  shown  in  Fig.  350.  On  the 
right  and  left  hand  are  two  metallic  rods  which  descend 
through  insulating  blocks,  and  carry  springs  at  their 
lower  end  projecting  therefrom.  Another  metallic  rod 
descends  between  these  two,  and  carries  a  cross-piece  at 
its  lower  end,  having  beveled  carbon  contacts  C.  C.  facing 
upward.  This  rod  moves  up  and  down  through  an 
insulating  block,  and  it  is  connected  to  one  lead  of  the 
circuit,  while  both  side  rods  are  connected  to  the  other. 
When  the  central  rod  is  raised  the  carbon  blocks  C.  C. 
enter  between  the  springs  and  make  the  contact,  closing 
the  circuit.  When  lowered  it  opens  the  circuit.  Thus 
far  the  action  of  the  switch  is  similar  to  the  ordinary 
switch,  but  in  order  to  prevent  the  formation  of  arcs,  and 
to  insure  definite  action  in  the  opening  or  closing  of  the 
circuit,  the  lower  portion  of  the  mechanism  is  immersed 
in  oil  contained  in  a  tank  which  is  shown  in  section  in 
the  diagram  Fig.  350.  Oil  switches  are  made  in  many 
different  styles,  but  the  one  feature  of  the  complete  sub- 
mersion of  all  live  parts  in  oil,  governs  all.  They  are 
also  as  a  rule  held  in  the  open  position,  either  by  gravity 
or  by  special  locking  mechanism  consisting  of  a  safety 
catch  that  holds  the  switch  open  until  released  by  pres- 
sure of  a  button  in  the  end  of  the  operating  handle. 
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The  development  of  the  oil  switch  and  circuit-breaker 
has  produced  what  is  probably  the  most  valuable  addi- 
tion to  high-potential  line  apparatus  made  during  the 
last  ten  years.  It  is  indeed  likely  that  the  development 
of  high-tension  transmission  of  power  would  have  been 
very  seriously  hampered  but  for  the  invention  of  the  oil 
switch. 
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¥ig.  350. 

This  use  of  oil  has  made  it  possible  to  rupture  easily 
and  safely  circuits  carrying  heavy  currents  at  high  volt- 
age and,  further,  to  open  these  circuits  under  conditions 
of  short  circuit.  The  possibility  of  opening  high-tension 
circuits  under  conditions  of  heavy  overload  has  made 
possible  the  development  and  application  of  the  present 
system  of  relays.  By  means  of  these  relays,  used  in  con- 
nection with  oil  circuit-breakers,  perfect  protection  can 
be  secured  for  the  apparatus  to  which  they  are  applied. 
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The  term  ''switch"  is  given  to  those  pieces  of  appar- 
atus in  which  the  contacts  are  similar  to  the  ordinary 
switch,  and  are  opened  and  closed  by  hand.  Apparatus 
in  which  the  contacts  tend  to  separate,  and  are  only  held 
in  a  closed  position  by  means  of  triggers  and  toggles 
are  called  ** circuit-breakers." 


Fig.  351.    Type  I  WestinghouBe  Oil  Switch. 

The  Westinghouse  oil  switches  are  essentially  knife 
switches  immersed  in  oil,  the  blades  being  connected  to  a 
common  operating  lever  by  specially  treated  wooden 
rods.  The  knife-blade  contacts  are  used,  as  they  give  the 
most  perfect  contact  and  therefore  the  lowest  tempera- 
ture rise. 

Fig.  351  shows  a  Westinghouse  type  I  oil-switch  for 
switchboard  use  only.  Fig.  352  shows  the  type  D  West- 
inghouse oil-switch  for  outdoor  service,  the  casing  being 
moi.sture  proof,  and  the  leads  brought  out  underneath 
through  sealed  bushings  as  shown.  Fig.  353  shows  the 
same  switch  with  the  oil  tank  removed.    Fig.  354  shows 
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the  Westinghouse  type  B  oil  circuit-breaker,  designed  for 
potentials  from  3,300  to  22,000  volts,  and  currents  from 
300  to  1,200  amperes.    This  device  is  a  double-break,  oil 


Fig.  852.     Type  D  WestiDghouse  Oil-Switch. 


Fiff.  353 


circuit-breaker.  It  may  be  automatic  or  non-automatic* 
and  may  be  placed  on  the  back  of  the  switchboard  or 
arranged  for  distant  control  through  rods  and  levers. 
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Through  a  very  simple  system  of  levers,  the  operating 
handle  is  connected  to  a  cast-iron  cross  bar,  to  which  are 
fastened  the  movable  contact  arras.    To  the  lower  end  of 


Fig.  354.     Type  B  WestiDKhouse  Oil  Circuit-Breaker. 

the  wooden  arm  is  fastened  a  metal  yoke  with  a  conical 
contact  on  either  end.    When  the  circuit  is  closed  these 
contacts  engage  with  two  stationary  contacts,  forming* 
one  pole  of  the  breaker.    Each  stationary  contact  is  sup- 
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ported  by  a  porcelain  insulator,  rigidly  secured  to  the 
frame.  The  leads  are  brought  to  the  terminals  of  the 
stationary  contact  within  the  insulator,  forming  an  un- 
broken and  continuous  insulated  conductor  between  the 
circuit-breaker  and  the  bus-bar  or  line.  Each  pole  of 
the  circuit-breaker  has  a  tank  in  which  its  live  metal 
parts  are  immersed  in  oil,  each  tank  being  entirely  inde- 
pendent of  the  adjacent  one. 


Fiff.  8&5.    Type  E  WestfoRhouse  Oil  Circuit-Breaker. 

These  tanks  have  a  lining  so  formed  as  to  reduce  the 
quantity  of  oil  required  and  which  serves  as  a  barrier 
between  the  two  stationary  contacts,  yet  allowing  ample 
space  for  the  movement  of  the  wooden  arm  and  itg  con- 
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tacts.  The  lining  serves  as  an  insulation  and  reduces  to 
a  minimum  all  danger  of  the  arc  communicating  through 
the  oil.  Any  one  of  the  tanks  may  be  removed  without 
interfering  in  any  particular  with  the  others.  Fig.  355 
shows  type  E  Westinghouse  oil  circuit-breaker,  elec- 
trically operated.  This  circuit-breaker  is  also  designed 
for  high  potentials,  and  heavy  currents. 

A  simple  system  of  toggles  and  levers  is  mounted  on 
the  top  of  the  breaker,  and  a  powerful  electro-magnet  is 
arranged  with  its  movable  core  attached  to  the  lever 
system,  so  that  when  it  is  drawn  into  the  coil,  the  circuit- 
breaker  will  be  closed.  A  small  single-pole,  double-throw 
switch  is  mounted  on  the  breaker,  and  is  operated  by  the 
motion  of  the  levers  in  opening  or  closing  the  circuit;  it 
controls  the  telUtale  indicator,  and  lamp  which  are 
mounted  in  view  of  the  operator.  These  circuit-breakers 
are  operated  by  125  volts  direct-current,  and  are  cali- 
brated for  3,000  alternations. 


SWITCHBOARD    MAINTENANCE. 

The  increasing  relative  cost  of  switchboard  apparatus 
in  power  plants  justifies  more  thorough  inspection  on  the 
part  of  attendants  than  at  present  obtains  in  many  in- 
stallations. There  is  a  feeling  in  some  quarters  that  if 
a  switchboard  is  blown  out  every  day  with  compressed 
air  and  the  instruments  wiped  with  a  dust  cloth,  nothing 
further  in  the  way  of  inspection  need  be  done  until  some- 
thing goes  wrong. 

There  are  more  moving  parts  on  a  modem  switchboard 
than  one  would  at  first  suppose,  and  a  certain  amount 
of  attention  is  an  essential  of  continuous  reliable  service. 
In  addition  to  the  indicating  and  recording  instruments 
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there  are  time  limit  relays,  circuit-breaker  controls,  oil 
switch  mechanisms  and  other  contacts  to  look  after,  while 
the  possibility  of  overheated  parts  of  switches  and  coils 
is  always  present.  Oil  switches  in  operation  should  be 
inspected  for  overheating  at  least  three  times  a  day  dur- 
ing the  heaviest  part  of  the  load,  and  the  binding  posts 
of  potential  transformers,  regulators  and  instruments 
should  be  looked  after  every  two  or  three  weeks  with  an 
eye  to  their  becoming  loose. 

The  oil  tanks  on  oil  switches  ought  to  be  dropped  cer- 
tainly once  in  three  months  and  the  contacts  carefully 
examined  to  locate  any  broken  or  bent  springs,  burned 
contacts  or  loose  connections.  When  these  contacts  are 
cleaned  with  a  file  or  in  any  way  where  there  is  a  chance 
of  personal  connection  with  the  wiring  system,  the  ut- 
most care  is  essential  that  current  should  be  cut  off  and 
high-potential  contacts  avoided.  Knife  switches  for 
simple  disconnecting  work  are  worth  many  times  their 
cost. 

The  solenoid  equipment  of  time-limit  relays  are  often 
neglected  for  long  periods.  The  adjustment  of  these 
devices  should  be  tested  every  two  or  three  months  and 
the  contacts  cleaned  with  the  finest  sandpaper  or  emery 
cloth.  There  is  a  tendency  sometimes  to  forget  that  these 
relays  are  delicate  apparatus.  The  adjustment  of  spring 
tension  to  hold  contact  pieces  in  place  and  the  varnishing 
of  solenoid  plungers  need  to  be  carefully  done.  No  little 
trouble  can  arise  by  careless  varnishing  of  plungers  so 
that  they  stick  in  one  position  and  do  not  respond  to  the 
load  variations  above  normal.  Another  point  likely  to 
be  neglected  is  the  care  of  the  leather  diaphragm  on  the 
relay  bellows.  This  should  be  dressed  with  neatsfoot  oil 
every  two  or  three  months  to  prevent  it  from  becoming 


680  I>OWEb  gf  AtlONS 

stiff  and  hard.  Lightning  arresters  should  always  he 
examined  and  placed  in  condition  after  a  storm ;  rheostat 
contact  points,  fixed  and  movable,  carbon  brakes  and 
copper  feeder  and  switch  jaws  all  need  regular  inspec- 
tion just  as  much  as  commutators,  brushes  and  bearings. 

Instrument  calibration  is  of  less  importance  on  a  rail- 
way switchboard  than  in  a  central  station  selling  cur- 
rent to  individual  consumers,  but  it  would  seem  wise  to 
check  up  the  voltmeters  and  recording  wattmeters  at 
least  once  a  year,  and  if  possible  to  make  an  annual  cali- 
bration check  of  the  other  instruments.  The  cost  of 
power  cannot  be  properly  determined  with  recording 
wattmeters  of  inferior  accuracy. 

All  these  little  details  of  operation  are  important  fac- 
tors in  securing  reliable  service,  and  in  some  plants  it 
will  pay  to  reduce  them  to  the  compass  of  printed  and 
framed  rules. 


METERS. 

Oalvanometers.  An  electric  current  passing  near  a 
magnetic  needle  deflects  the  needle,  and  if  the  current 
is  passed  first  over  the  needle  and  then  back  under  it  in 
an  opposite  direction,  the  needle  will  be  still  further 
deflected. 

An  instrument  consisting  of  a  coil  of  wire  carrying 
the  current  to  be  tested,  and  a  magnet ;  the  two  being  so 
arranged  that  one  can  be  deflected,  is  called  a  galvan- 
ometer. 

There  are  two  types,  the  Thompson  and  the  D'Ar- 
sonval. 

The  Thompson  type  has  the  coil  of  wire  stationary 
and  the  light  magnetic  needle  suspended  by  a  silk  thread. 
These  can  be  made  more  sensitive  than  the  other  type, 
but  are  not  portable  and  external  fields  have  a  great  in- 
fluence on  them,  causing  them  to  give  false  indications. 
This  is  prevented  by  thick  soft  iron  cases,  much  too 
heavy  to  be  carried  around. 

The  silk  suspension  makes  the  needle  sensitive  to  vi- 
bration. 

It  is  a  fine  laboratory  instrument  and  with  modified 
construction  has  been  used  in  the  workshop  and  field, 
but  for  this  work  the  D ' Arsonval  is  much  better. 

The  D'Arsonval  type  has  a  very  small  light  coil  of 
wire  suspended  by  a  fine  bronze  wire  between  the  poles 
of  a  stationary  magnet.  Since  the  movable  part  is  not 
a  magnet  except  during  the  actual  instant  of  the  test, 
outside  magnetic  fields  have  no  influence  on  its  motion, 
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To  shield  it  during  test  a  thin  soft  iron  or  steel  case 
is  put  on  the  instrument  which  does  not  affect  its  porta- 
bility. These  covers  are  usually  copper,  brass  or  nickel 
plated  for  appearance  sake,  but  the  actual  material  is 
iron  for  the  purpose  of  shielding  the  instrument. 

These  D'Arsonval  galvanometers  are  not  so  sensitive 
as  the  other  type,  which  for  ordinary  work  is  a  great 
advantage. 

Both  of  these  types  have  the  needle  swinging  over  a 
circular  scale  divided  into  degrees,  or  may  have  a  small 
mirror  attached  so  that  the  deflection  may  be  read  by 
the  motion  of  a  spot  of  light  moving  along  a  long  ruler 
supported  about  a  yard  away  from  galvanometer. 

As  mentioned  before,  twice  the  current  does  not  give 
twice  the  deflection  but  by  sending  known  currents 
through  a  galvanometer  and  marking  a  scale  with  pen 
and  ink  we  could  make  an  ampere  meter.  This  is  called 
Calibration. 

AMMETERS  AND  VOLTMBTBRS. 

The  ammeters  and  voltmeters  of  commercial  work  are 
all  special  adaptations  of  the  D'Arsonval  galvanometer 
or  for  the  least  accurate  work  such  as  on  switchboards; 
they  are  of  the  magnetic  vane  type. 

The  Weston  instruments  are  D'Arsonval  galvanome* 
ters. 

Fig.  356  shows  an  instrument  with  the  cover  removed. 
A  larp:e  permanent  magnet  of  U  shape  is  supported  by  a 
gun-metal  casting  screwed  to  the  ends  of  the  limbs,  and 
the  whole  of  the  working  part  is  built  up  on  this  mag- 
ret  independent  of  the  case,  so  that  the  movement  can 
be  removed  bodily  from  the  case  by  simply  taking  out 
one  screw  which  holds  the  gun-metal  casting  in  place. 
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Fig.  366.     Interior  of  Weston  Inatrument 
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The  inside  polar  faces  of  the  magnet  are  surfaced  up  so 
as  to  come  closely  into  contact  with  wrought-iron  pole 
pieces  which  are  bored  out  to  about  1  in.  diameter,  and 
fixed  rigidly  in  their  place  with  screws  passing  through 
the  limbs  of  the  magnet.  To  these  pole  pieces  a  second 
gun-metal  casting  is  screwed,  which  forms  a  support 
for  a  soft  iron  cylinder  %  in.  diameter  inside  the  bored 
out  pole  pieces,  and  also  a  support  for  the  scale.  Th2 
soft  iron  cylinder  fills  up  most  of  the  space  between  the 
pole  pieces,  allowing  an  air  space  at  either  side  of  Ys 
in.,  and  in  this  space  a  fairly  strong,  uniform,  magnetic 
field  exists.  A  coil  of  fine  insulated  copper  wire  of 
about  twelve  turns  is  wound  on  a  thin  brass  frame,  \^t^^ 
enough  to  embrace  the  soft  iron  cylinder,  with  freedom 
to  move  in  the  space  between  it  and  the  pole  pieces. 
This  is  pivoted  in  jeweled  bearings  which  are  screwed  to 
the  pole  pieces,  but  insulated  from  them,  forming  little 
bridges  across,  and  the  ends  of  the  coil  are  connected  to 
these  bridge  pieces  by  spiral  springs,  one  at  the  top  and 
the  other  at  the  bottom  of  the  coil,  the  springs  being 
wound  in  opposite  directions,  so  that  when  one  is  wound 
up  by  a  movement  of  the  coil  the  other  is  unwound. 
This  arrangement  corrects  for  any  variation  in  tempera- 
ture, for  the  effect  on  one  spring  would  be  counteracted 
by  the  opposite  effect  on  the  other.  The  coil  normally 
lies  at  45^  to  the  line  joining  the  poles  of  the  magnet, 
and  consequently  the  magnetic  field  created  by  a  cur- 
rent in  the  coil  will  be  displaced  relatively  to  the  field  of 
the  horseshoe  magnet  as  shown  in  Fig.  357,  and  the 
lines  twist  the  coil  through  a  certain  angle  against  the 
action  of  the  spiral  springs,  the  angular  movement  of 
the  coil  depending  on  the  strength  of  the  current  in  the 
coil  and  the  strength  of  the  field  in  which  it  is  placed. 
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Fig.  357.     DkLKT&m.  of  Magnets,  Flux,  Coll  and  Inner  Core  of 
Weston  Instrument. 


Fig.   358.     View  of  Movement  of  Weston  Instruments. 
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To  the  coil  is  attached  a  pointer  of  aluminum,  the 
whole  being  balanced  so  that  the  instrument  can  be  read 
in  any  position,  and  the  pointer  and  scale  are  bent  up 
so  as  to  come  near  the  front  of  the  case. 

A  perspective  view  of  the  movement  is  shown  in  Fig. 
358. 


Fig.  359.     Magnet  and  Shunt  of  Weston  Ammeter. 

In  this  instrument  the  whole  current  does  not  go 
through  the  coil,  but  only  a  small  fraction  of  it.  The 
main  part  of  the  current  crosses  from  one  terminal  to 
the  other  by  a  broad  strip  of  metal  under  the  base  of 
the  instrument,  while  the  coil  is  placed  as  a  shunt  across 
the  terminals,  or  as  a  conductor  in  parallel  with  the 
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metal  strip  (Fig.  359),  and  consequently  the  ratio  of 
the  currents  in  the  strip  and  in  the  coil  will  be  inversely 
proportioned  to  their  resistances.  Now  with  a  given 
strength  magnetic  field  due  to  the  magnet,  and  a  given 
elasticity  of  the  spiral  springs,  it  will  require  a  certain 
number  of  ampere  turns  in  the  coil  to  produce  the  full 
deflection  on  the  scale.  This  can  be  secured  by  adjust- 
ing the  resistance  of  the  strip  connecting  the  terminals 
so  that  the  same  movement  will  do  for  any  instrument. 
Thus,  suppose  the  instrument  were  required  to  read  to 
a  maximum  of  10  amperes  and  we  required  1  ampere  in 
the  coil  to  give  the  maximum  deflection,  then  the  re- 
sistance of  the  coil  must  be  9  times  that  of  the  strip, 
so  that  the  current  will  divide  at  the  terminals,  9/10 
going  through  the  metal  strip  and  1/10  through  the  coil. 
If  the  instrument  is  required  to  read  to  a  maximum  of 
100  amperes,  then  the  metal  strip  must  have  99  times 
less  resistance  than  the  coil,  and  the  current  will  then 
divide  at  the  terminals,  99/100  going  through  the  strip 
and  1/100  going  through  the  coil,  which  will  give  a 
reading  to  the  full  range  of  the  scale  as  before.  By  the 
arrangement  of  the  pole  pieces,  and  wrought  iron  cylin- 
der the  field  due  to  the  permanent  magnet  is  practically 
uniform  over  the  range  of  movement  of  the  coil,  and  so 
the  scale  readings  are  the  same  size  throughout.  Should 
the  permanent  magnet  vary  in  strength,  the  instrument 
would  not  read  correctly,  but  the  magnets  are  so  treated 
that  the  falling  off  in  strength  over  a  number  of  years  is 
inappreciable. 

The  strip  or  shunt  for  portable  instruments  is  always 
inside  the  case,  while  for  switchboard  instruments  the 
shunt  is  too  large  (Fig.  360)  and  is  placed  separately  on 
the  back  of  the  board.    Leads  are  run  along  the  board 
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to  the  meter  tenninals  which  project  through  holes  in 
the  board  from  the  meter  which  is  in  front. 

Such  a  switchboard  instrument  is  shown  in  Fig.  361 
and  Fig.  362. 
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Fig.  360.     External  ShuDts  for  Ammeters.    1000  and  5000  Ampere  Sixes. 

A  voltmeter  is  made  by  removing  the  metal  strip  or 
shunt  connecting  the  terminals  and  placing  a  resistance 
coil  in  series  with  the  moving  coil. 

As  it  takes  1/100  amperes  to  swing  the  pointer  over 
full  scale  for  every  volt  the  instrument  reads,  it  must 
have  100  ohms  in  the  resistance  coil. 
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A  500  volt  instrument  will  have  500,000  ohms  resist- 
ance, and  hence  1/100  amperes  will  flow  through  the 
moving  coil. 

The  moving  coil  is  wound  on  a  copper  or  aluminum 
frame,  which  when  it  swings  has  current  induced  in  it 
by  the  magnets  and  stops  vibrating  very  quickly ;  in  fact, 
you  cannot  detect  any  vibration.  The  needle  seems  to' 
move  to  a  certain  spot  and  stop  dead.  This  is  called  a 
**dead  beat''  needle. 


Fig.   361.     Switch  Board  InstmixKnt. 

Some  instruments  have  electro-magnets  instead  of  per- 
manent magnets.  The  Thomson  Astatic  instruments  are 
of  this  type.  Two  of  these  instruments  are  shown  in 
Figs.  362  and  363.  This  latter  has  a  scale  or  dial  of 
opal  glass  with  an  electric  light  behind  it.  This  makes 
the  instrument  easily  read  from  a  distance  or  at  night. 
These  are  called  ''illuminated  dial  instruments.'' 

The  instrument  of  Fig.  361  has  an  extra  hand  ending 
in  a  ring.     This  can  be  set  at  the  voltage  you  wish  to 
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maintain.     The   most  hasty   glance   will   then  tell  you 
whether  your  voltage  is  too  high  or  too  low. 


Fig.  SG3.     Illuminated  Dial  Infftniment. 

In  order  to  save  space  on  switchboards  some  instru- 
ments are  made  thin  and  broad  and  are  set  horizontally 
or  vertically. 
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Fig.  364  shows  the  exterior  and  interior  of  a  Thom- 
son Edgewise  Ammeter. 

The  Thomson  Inclined  Coil  instruments  as  shown  in 
Fig.  365  are  portable  instruments  used  for  alternating 
current  only.  In  an  emergency  they  can  be  used  to 
measure  direct  current  by  reading,  reversing  current, 
reading  again  and  averaging  results. 


Fig.  904.     Thomson  Horizontal  Ammeter. 


The  action  of  the  magnetism  of  the  inclined  coil  is  to 
twist  the  inclined  sheet  iron  vane  ''a"  around  to  the 
dotted  line  position. 

The  Weston  instruments  described  are  for  direct  cur- 
rent only.     The  company  makes  an  alternating  current 
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voltmeter  but  no  ammeter.  Thomson  Astatic  instruments 
are  for  direct  current.  The  Thomson  Inclined  Coil  in 
portable,  or  edgewise  switchboard  form  is  for  alternating 
current. 
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Fig.  365.     Thomson  Inclined  Coil  Instrument. 


WATTMETERS. 

By  combining  two  coils,  one  movable,  the  other  sta- 
tionary, one  attached  as  a  voltmeter  with  series  resist- 
ance, the  other  attached  as  an  ammeter,  with  a  shunt, 
we  get  an  instrument  whose  needle  indicates  power  or 
watts.    These  are  called  indicating  wattmeters. 

The  recording  wattmeter  records  watt-hours.  A  watt- 
hour  is  one  watt  of  power  used  for  an  hour,  or  any  com- 
bination like  one-quarter  of  a  watt  for  four  hours,  etc. 

The  Thomson  Recording  Watt-Hour  Meter  is  used  for 
direct  or  alternating  current.  It  is  shown  with  dust- 
proof  case  removed  in  Fig.  366.  The  connections  made 
to  it  are  shown  in  Fig.  367.  By  ** light''  in  the  figure 
must  be  understood  any  load  at  all. 

The  meter  consists  of  an  electric  motor  whose  arma- 
ture A,  Fig.  367,  is  supplied  with  current  from  the 
mains  through  a  high  resistance  P  in  the  back  of  the 
instrument  and  a  small  field  coil  on  right-hand  side. 
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This  armature  is  in  shunt  across  the  circuit,  hence  its 
current  is  proportional  to  the  voltage. 

The  main  current  passes  through  the  field  P,  hence 
the  strength  of  the  field  is  proportional  to  the  current. 

The  speed  of  the  motor  is  therefore  proportional  to 
both  current  and  voltage,  that  is  to  the  power,  or  watts. 

The  armature  shaft  goes  on  past  the  commutator  to 
a  cyclometer  with  dials  like  a  gas  meter.  The  revolu- 
tions are  here  recorded  as  watt-hours. 


Fig.  306.     Thomson  Recording  Watt-Hour  Meter. 


The  auxiliary  field  is  just  strong  enough  to  nearly 
overcome  the  friction  in  the  bearings  and  cyclometer,  so 
that  the  smallest  current  through  the  mains  will  produce 
rotation. 
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At  the  bottom  of  the  armature  shaft  is  an  aluminum 
disk  revolving  between  the  poles  of  permanent  magnets. 
This  device  prevents  the  meter  from  running  at  too 
great  a  speed  and  gives  an  adjustment  for  accuracy. 


Fig.    967. 


Diagram  of   Connections.      Thomson    Recording    Watt- 
hour  Meter. 


The  further  out  the  magnets  are  swung  the  faster  is 
the  motion  of  the  metal  passing  between  their  poles  and 
the  greater  a  retarding  effect  they  produce. 

A  meter  running  too  slow  from  age  or  dirty  bearings 
could  be  brought  up  to  proper  speed  by  swinging  the 
magnets  in  a  little. 
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frig.  868.    Large  Capacity  ThomsoD  Recording  Watt-hour  Meter. 


For  heavy  currents  the  appearance  of  the  meter  is 
quite  different,  as  is  shown  in  Fig.  368.  The  retarding 
device  is  enclosed  in  a  case  and  the  whole  instrument  is 
enclosed  in  a  dust*proof  glass  case. 


QUESTIONS. 

322.  How  are  switch  boards  made  upt 

Ans.    They  are  built  up  of  panels  of  slate  or  marble 
supported  by  frames  of  angle  iron. 

323.  How  are  the  different  panels  designated? 
Ans.    Some  are  for  motor  control,  others  for  dynamo 

running,   others   for   operating  the   outer  circuit,   and 
others  for  charging  storage  batteries. 

324.  Is  a  knowledge  of  switch  boards  an  important 
matter? 

Ans.    It  is,  and  every  engineer  should  especially  study 
those  in  his  own  station. 

325.  What  is  the  regular  equipment  of  a  D.  C.  switch 
board  having  a  capacity  of  from  250  to  6,500  amperes? 

Ans.    One  carbon-break  or  magnetic  blow-out  circuit 
breaker  with  telltale. 

One  illuminated  dial  anuneter  with  shunt. 

One  hand  wheel  and  chain  for  operating  rheostat. 

One  receptacle  for  voltmeter  plug. 

One  S.  P.  S.  T.  field  switch. 

One  S.  P.  S.  T.  main  switch. 

One  recording  watt-hour  meter. 

326.  What  is  meant  by  the  abbreviation  S.  P.  S.  T.  ? 
Ans.    Single  Pole  Single  Throw. 

327.  What  does  D.  P.  D.  T.  mean  in  speaking  of 
switch  boards? 

Ans.    Double  Pole  Double  Throw. 

328.  What  is  meant  by  T.  P.  ? 
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Ans,  Triple  pole.  It  opens  every  circuit  of  a  three- 
phase  system. 

329.  Is  it  good  practice  to  place  a  main  switch  at 
the  machine? 

Arts.    It  is  best. 

330.  WhyT 

Ans.  So  that  the  cables  from  generator  to  board  may 
be  cut  oflf  at  the  generator. 

331.  What  is  an  equalizer? 

Ans.  It  is  a  cable  running  along  from  machine  to 
machine,  and  connecting  the  functions  of  series  field  and 
brush  on  all  the  machines,  but  does  not  connect  with 
switch  board. 

332.  What  kind  of  a  break  has  the  field  switch? 
Ans.    A  carbon  break. 

333.  Describe  the  action  of  a  field  switch. 

Ans.  Just  before  it  opens  it  makes  contact  with  an 
extra  clip  and  puts  a  resistance  on  as  a  shunt  around 
the  field  coils. 

334.  If  this  were  not  done  what  would  be  the  con- 
sequences ? 

Ans.  The  fields  would  act  as  a  spark-coil  and  the 
insulation  be  damaged. 

335.  When  it  is  desired  to  throw  a  generator  in  par- 
allel with  other  generators  already  running  what  is  the 
proper  method  of  procedure? 

Ans.  First — Close  main  and  equalizer  switches  near 
the  machine. 

Second — Close  field  switch  on  panel. 

Third — Close  circuit. breaker. 

Fourth — Insert  potential  plug  in  receptacle  and  regu- 
late voltage. 
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Fifth — ^When  proper  voltage  is  obtained  close  the 
other  main  switch  on  panel. 

336.  What  is  meant  by  voltage? 
Arts.     Electric  pressure,  or  potential. 

337.  What  is  a  volt? 

Arts.    The  unit  of  pressure. 

338.  What  is  a  voltmeter? 

Ans.  An  instrument  that  indicates  the  voltage. 

339.  What  is  an  ohm? 
Ans.  The  unit  of  resistance. 

340.  Give  a  brief  definition  of  Ohm's  law? 

Ans,  The  electromotive  force  equals  the  resistance 
multiplied  by  current  intensity. 

341.  What  is  an  ampere? 

Ans.  It  is  the  unit  of  volume,  or  quantity-time  unit 
for  measuring  the  rate  of  flow  of  an  electric  current. 

342.  What  is  a  coulomb? 

Ans.  It  is  an  ampere-second.  A  coulomb  equals  the 
flow  of  an  ampere  of  current  past  a  given  point  each 
second  of  time. 

343.  What  is  an  ammeter? 

Ans.    An  apparatus  for  measuring  current  rate. 

344.  What  is  the  meaning  of  the  word  watt  as  used 
in  electrical  work? 

Ans.  A  watt  is  the  unit  of  work.  It  equals  volts  X 
amperes. 

345.  What  is  the  function  of  the  wattmeter? 
Ans.     To  record  the  watt-hours  of  work. 

346.  What  is  a  kilo  watt  (K.  W.)  ? 
Ans.    1,000  watts. 

347.  Expressed  in  horsepower  what  is  one  K.  W. 
equal  to? 

Ans.    746  horsepower. 
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348.  What  is  a  field  rheostat! 

Ans.  An  apparatus  for  controlling  the  current  out- 
put. 

349.  What  is  the  function  of  a  transformer  t 

Ans.  To  transform  the  current  from  a  higher  to  a 
lower  voltage,  or  from  A.  C.  to  D.  C. 

350.  What  is  meant  by  synchronism  of  electric  ma- 
chines f 

A71S.  When  the  maximum  value  of  the  E.  M.  P.  in 
each  machine  occurs  at  exactly  the  same  instant  of  time, 
the  machines  are  in  synchronism. 

351.  What  is  meant  by  the  exciter  panel  of  a  switch 
board  t 

Ans.  It  is  the  panel  that  is  equipped  with  the  neces- 
sary switches,  etc.,  for  connecting  the  small  exciter  dy- 
namo with  the  other  generators  in  the  station. 

352.  What  is  a  sub-station? 

Ans.  It  is  the  connecting  link  between  the  transmis- 
sion line,  and  the  trolley  wire  or  third  rail. 

353.  When  A.  C.  is  generated  at  the  power  station, 
and  D.  C.  is  used  on  the  line,  how  is  it  accomplished  ? 

Ans.  The  A.  C.  is  changed  to  D.  C.  by  rotary  con- 
verters at  the  sub-station. 

354.  What  is  meant  by  frequency? 

Ans.  The  number  of  times  the  current  reverses  per 
second. 

355.  What  is  the  usual  frequency  for  railway  motors  ? 
Ans.  25  is  the  standard. 

356.  What  is  a  frequency  changer? 

Ans.  A  machine  which  receives  current  at  one  fre- 
quency and  delivers  it  at  another  frequency. 

357.  What  apparatus  is  used  in  an  A.  C.  to  D.  C. 
sub-station  ? 
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Ans,  Step  down  trarififormers,  rotary  converters,  and 
A.  C.  incoming  and  D.  C.  outgoing  switch  boards. 

358.  What  is  the  proper  procedure  for  placing  ro- 
tary converters  in  service! 

Ans.  After  the  machine  has  been  started  from  the 
A.  C.  ends,  and  builds  up  with  the  proper  polarity,  first 
close  the  equalizer  switch  (on  machine) — second,  close 
circuit  breaker  on  panel — third,  insert  potential  plug  in 
receptacle  and  regulate  voltage — fourth,  when  the  prop- 
er voltage  is  obtained,  close  positive  switch  (on  panel). 

359.  What  will  be  the  result  if  the  rotary  builds  up 
with  polarity  reversed? 

Ans.    The  voltmeter  will  swing  back  of  zero. 

360.  How  may  the  polarity  be  corcected? 

Ans.  By  means  of  the  four  pole,  double  throw  field 
break  up  reversing  switch  mounted  on  the  converter. 

361.  Describe  an  oil  switch. 

Ans.  It  is  a  switch  similar  in  its  action  to  other 
switches,  with  the  exception  that  its  mechanism  is  im- 
mersed in  a  small  tank  of  oil. 

362.  What  advantage  is  gained  thereby? 

Ans.  Reliability  of  action  in  opening  or  closing  a 
circuit. 

363.  Mention  another  advantage  gained  by  the  use  of 
the  oil  switch  and  oil  circuit  breaker. 

Ans.  It  has  made  safely  possible  the  transmission  and 
use  of  high-tension  currents  of  electricity. 

364.  What  is  a  circuit  breaker? 

Ans.  It  is  a  switch  so  designed  as  to  be  capable  of 
frequently  opening  the  circuit  carrying  its  full  current 
without  any  damage  to  itself. 

365.  What  is  a  galvanometer? 

Ans.     An  instrument  consisting  of  a  coil  of  wire  car- 
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rying  the  current  to  be  tested,  and  a  magnet,  the  two 
being  arranged  so  that  one  can  be  deflected. 

366.  Describe  the  Thompson  type  of  galvanometer. 
Ans,     The  coil  of  wire  is  stationary,  and  the  light 

magnetic  needle  is  suspended  by  a  silk  thread. 

367.  Describe  the  D'Arsonval  galvanometer. 

Ans.  In  this  type  the  small  light  coil  of  wire  is  sus- 
pended by  a  fine  bronze  wire  between  the  poles  of  a 
stationary  magnet. 

368.  How  are  the  readings  taken  from  these  instru- 
ments T 

A71S,  From  a  circular  scale,  over  which  the  needle 
of  the  instrument  swings. 
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THIS  work  deals  in  a  practioal  and  non- 
technical manner  with  the  calculation 
of  the  power  of  Steam  Engines,  *Explo- 
sive  and  Electric  Motors. 

Particular  attention  has  been  given  to  the 
full  explanation  of  the  elementary  principles 
upon  which  the  calculations  are  based. 

It  has  been  the  endeavor  to  present  in  as 
simple  a  manner  as  is  possible,  a  number  of 
useful  rules  and  formulas  that  may  be  of 
great  value  to  Ekoinxkbs.  Machikists  and 
DxsiGNKBS  in  calculating  horse  power. 

Rules  for  plotting  steam  engine  diagrams 
by  arithmetical,  geometrical  and  graphical 
methods  are  given  and  fully  explained,  also 
the  method  used  in  plotting  the  diagram  of 
an  explosive  motor. 

This  work  covers  many  points  regarding 
the  calculation  of  horse  power  and  useful 
information  not  hitherto  published  in  a  single 
volume,  and  includes  Oalculated,  Brake  and  Indicated  horse  power.  Point  of 
cut-off  and  average  steam  pressure,  Horse  Power  of  Explosive  Motors,  Degree 
of  Oompression  and  Combustion  Ohamber  Dimensions,  Indicator  Diagrams  of 
Steam  Engines  and  Explosive  Motors,  also  tables  of  Average  Steam  Pressure, 
Areas  of  Oircles,  Squares  of  Diameters  of  Circles,  Natural  Logarithms  of  Num- 
bers, Thermo-dynamic  Properties  of  Gasoline  and  Air,  Common  Logarithms 
of  Numbers,  and  Mensuration  of  Surface  and  Volume. 

The  term  "  Explosive  Motor"  includes  Gas,  Gasoline  and  Oil  Engines. 
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ENGINEERS 

Or,  ELECTRICITY 
FOR  STEAM  ENGINEERS 
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▲ntlion  of**Modern Wiring  DlagrMU  aikl 
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This  excellent  treatise  is  written  by 
engineers  for  engineers,  and  Is  a  clear 
ana  comprehensiye  treatise  on  the  prin- 
ciples, constmction  and  operation  of 
Dynamos,  Motors,  Lan^ps,  Storage  Bat- 
teries, Indicators  and  Measuring  Instra- 
ments,  as  well  as  full  explanations  of  the 
principles  governing  the  generation 
of  alternating  currents  and  a  descrip- 
tion of  alternating  current  instruments  and  machinery.  There  are 
perhaps  but  few  engineers  who  have  not  In  the  course  of  their  labors 
come  in  contact  with  the  electrical  appt^ratus  such  as  pertains  to  light 


and  power  distribution  and  generation,  it  the  present  rate  of  Increase 
In  tne  use  of  Electricity  It  Is  but  a  question  of  time  when  every  stean 
Installation  will  have  In  eonnecton  with  It  an  electrical  generator,  even 
In  such  buildings  where  light  and  power  are  supplied  by  some  central 
station.  It  Is  essential  that  the  man  In  charge  of  Engines,  Boilers, 
Elevators,  etc.,  be  familiar  with  electrical  matters,  and  it  cannot  well 
be  other  than  an  advantage  to  him  and  his  employers.  It  Is  with  a  view 
to  assisting  engineers  and  others  to  obtain  such  knowledge  as  will  enable 
them  to  Intelllgentiy  manage  such  electrical  apparatus  as  will  ordinarily 
come  unddr  their  control  that  this  book  has  been  written.  The  authors 
have  had  the  co-operation  of  the  best  authorities,  each  In  his  chosen  field, 
and  the  Information  given  Is  just  such  as  a  steam  engineer  should  know. 
To  further  this  information,  and  to  more  carefully  explain  the  text, 
nearly  100  illustrations  are  used,  which,  with  perhaps  a  very  few  excep- 
tions, have  been  especially  made  for  this  book.  There  are  many  tables 
covering  all  sorts  of  electrical  matters,  so  that  immediate  reference  can 
be  made  without  resorting  to  figuring.  It  covers  the  subject  thoroughly, 
but  so  simply  that  any  one  can  understand  it  fully.  Any  one  making  a 
pretense  to  electrical  engineering  needs  this  book.  Nothmg  keeps  a  man 
down  like  the  lack  of  training;  nothing  lifts  him  up  as  quickly  or  as 


surely  as  a  thorough,  practictuknowledge  of  the  work  ne  has  to  do. 
book  was  written  n>r  the  man  without  an  opportunity.  '^'' 


This 

No  matter  what 

he  is,  or  what  work  he  has  to  do,  it  gives  lilm  just'  such  information 
and  training  as  are  required  to  attain  success.  It  teaches  just  what 
..  —  "nr  should  1 


the  steam  engineer  a 


1  know  in  his  engine  room  about  electrioity.     / 
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THIS  NEW  EDITION  eoncain*  in  addition  four  complete  diaotefi  6^ 
The  Steam  Turbine  and  Mechanical  Stokers  "which  ia  not  included  ia 
other  Entfineerintf  Works. 

u^e  20th  Century  Hand  Book 
Engineers  and  dectricians 

ACOMPENDICM 
of  useful  knowl< 
edge  appertain- 
Ing  to  the  care  and 
managementof  Steam 
Engines,  Boilers  and 
Dynamos.  Thorough- 
ly practical  with  full 
Insti  uctions  in  regard 
to  making  evapora- 
tion tests  on  boilers. 
The  adjustment  of  th« 
slide  valve,  corlisa 
valves,  etc.,  fully  de- 
scribed and  illustrated, 
together  with  the  ap« 

Slication  of  the  iO' 
icator  and  diagram 
analysis.  The  subject 
of  hydraulics  for  en* 
gineersis  made  i| 
special  feature,  and  all  problems  are  solved  in  plain  figures,  thus  ena* 
bliog  the  man  of  limited  education  to  comprehend  their  meaning 

By  O.  F.  SWINGLE,  M.E. 

Formerly  Chief  Engrineer  of  the  Pullman  Car  Works.    Late  Chief  Enginear 

of  the  Illlnola  Car  and  Equipment  Co.,  Chicacro. 

ELECTRICAL   DIVISION 

The  electrical  part  of  this  valuable  volume  was  written  by  a  practical 
engineer  for  engineers,  and  is  a  clear  and  comprehensive  treatise  on  the 
principles,  construction  and  operation  of  Dynamos,  Motors,  Lamps, 
Storage  Batterie-^,  Indicators  and  Measuring  Instnmients,  as  well  as  an 
explanation  of  the  principles  governing  the  generation  of  alternating  cur- 
rents, and  a  description  of  alternating  current  instruments  and  machin- 
ery. No  better  or  more  complete  electrical  part  of  a  steam  engineer's 
book  was  ever  written  for  the  man  in  the  engine  room  of  an  electrli! 
lighting  plant. 

SWINGLE'S  20th  CENTURY  HAND  BOOK 

FOR.  ENGINEERS  AND  ELIXTRJCIANS 

Over  300  ill  ustrations ;  handsomely  bound  in  full  leather  pocket  #  «  a  A 
book  style;  size  5x6^  x  1  inch  thick.      PRICE  NET  .  .  .  .  #«iUII 
Sold  by  booksellers  generally  or  sent  postpaid  to  any 
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